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EXECUTIVE SUMMARY 


Sampling criteria have been developed that can be used to plan and 
execute underwater inspections of waterfront structures. The sampling 
criteria are based upon statistical sampling techniques and the results 
of underwater inspections of timber piers at the St. Helena facility in 
Norfolk, VA, and steel sheet pile wharves at Mayport, FL. 

The methods currently used to plan an underwater inspection usually 
involve the specification of the number of elements to be sampled as a 
gross percentage of the number of elements in the facility (e.g., 10 to 
20 percent). The actual selection of the elements is usually determined 
by expert judgment of “typical” elements or groups. Since a substantial 
part of the inspection cost is determined by the number of elements 
inspected for each level of inspection, it is beneficial to minimize the 
number of elements inspected for a desired level of confidence and pre- 
cision in the inferences made from the data collected. 

There are two primary methods of obtaining the sample data. One is 
a judgment sample and the other is a statistical sample. In judgment 
sampling, a subjective decision is made regarding the criteria for 
selecting samples from a population. This is commonly used whenever 
there is expert knowledge about the population being sampled and the 
investigator feels “comfortable” with the choice made. The disadvantages 
of this method of sampling are: 


(1) The variability of the samples is unknown or nonquantifiable. 
That is, the samples selected are based upon the inspector's 
own biases. 


(2) No statistical model or method of estimating the population 
parameters exists from the sample statistics because of the 
bias in sample selection. 


(3) The smallest sample size for a given precision cannot be 
determined since no probabilistic model exists for a 
subjective sample. 


(4) The level of confidence for a given sample size cannot be 
determined; therefore, the risk of being wrong with the 
estimates cannot be specified. 


In the second sampling technique, called statistical sampling, 
the sample is selected using probability (scientific) sampling. The 
advantage of statistical sampling is that it permits the objective 


measurement of the sampling variability and is supported by the laws of 
probability. Statistical sampling provides an objective method for 
determining the sample size (for variables and for proportions), for 
estimating population parameters for a desired confidence level and 
precision, and for evaluating the cost tradeoffs based upon a desired 
confidence level and precision. 

The proposed underwater inspection sampling criteria use statistical 
sampling methods and inferences. From data collected during the field 
validation tests of the sampling criteria at St. Helena and Naval Station, 
Mayport, a minimum sample size of 30 elements has been shown to provide 
adequate data for statistical inference for waterfront timber and steel 
structures, in most cases with a confidence level of 95 percent (1 out 
of 20 chance of being wrong) for the precision of measurement tools that 
were used in the field tests. When a single attribute is chosen for 
investigation (e.g., number of piles with marine borer activity), a 
larger sample size is required. However, measurements are not normally 
required since detection of borer activity is usually obtained by visual 
inspection (unless core samples are used). In any case, the maximum 
number of samples needed for a confidence level of 95 percent with an 
accuracy of 10 percent, considering the worst case distribution of 
50 percent, would be 97 samples. 

Based on the studies and validation inspections conducted during 
this project, the following conclusions and recommendations are pre- 
sented: 

The scientific approach to sampling, where an estimate of the con- 
dition and the extent of required maintenance is obtained, guarantees 
that the inspection will gather information that can be analyzed in a 
Manner consistent with standard statistical practices. The procedures 
presented in this report yield results that can be relied upon for a 
given confidence level and accuracy requirement. The criteria presented 
in this report provide a scientific method for specifying the number of 
elements to be sampled for each waterfront facility. Data obtained using 
these criteria can be compared to each other with proven correlation 
procedures to indicate trends in deterioration rates and allow more 
accurate projections of maintenance and repair requirements. 
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INTRODUCTION 


More than two-thirds of the facilities of the Naval Shore Establish- 
ment are over 35 years old (nearly twice their original design life) and 
require increasing amounts of maintenance and repair to remain operational. 
The key to improved maintenance and repair management, readiness assess-— 
ment, and catastrophic failure prevention is improved facility inspection 
and condition assessment. Specialized inspection techniques are required 
to gather data on the condition of the structural elements of critical 
waterfront facilities in a concise and objective manner. 

The high cost of conducting underwater inspections makes it economi- 
cally infeasible to consider a complete survey of every structural element 
in a waterfront facility during preliminary inspections intended to assess 
the average condition and possible need for maintenance and repair. The 
extent of these preliminary underwater inspections should be a function 
of the degree of deterioration present in the structural elements. The 
data obtained from such an inspection must be capable of determining the 
condition of the facility within a predefined accuracy and level of con- 
fidence. The inspection data must be suitable for determining both the 
type and magnitude of maintenance and repair operations, if needed, and 
assuring the required level of operational capability for the structure. 

To meet this requirement for an improved method of planning under- 
water inspections, a project was initiated at the Naval Civil Engineering 
Laboratory (NCEL) in 1983 under the sponsorship of the Naval Facilities 
Engineering Command (NAVFAC). The objective of this project was to 
develop criteria to determine the minimum number of data samples required 
to make an accurate condition assessment of waterfront structures based 
on construction material, mission requirement, and present condition. 
During development of these criteria, the practical procedures for apply- 
ing the sampling criteria to actual waterfront inspections, taking into 
consideration such factors as time, cost, and movement of dive station 
equipment and personnel, were to be considered. 

This report presents the results of the study to develop criteria 
and procedures for determining the optimum data sample size for under- 
water inspections. Also presented are the results of two inspections 
conducted under the direction of the Chesapeake Division of NAVFAC to 
validate the criteria developed during this project. 


BACKGROUND 


In 1980, a program to address specialized facilities maintenance 
and repair problems was initiated. The Specialized Inspection Program 
was established under the central management of the Naval Facilities 
Engineering Command, Maintenance Division (Code 100). The Chesapeake 
Division (CHESDIV) was to perform underwater surveys of the Navy's 


waterfront facilities, assess their physical condition, and report these 
assessments to NAVFAC (Code 100), the Engineering Field Divisions 
(EFDs), the activities Public Works Offices (PWOs), and the Public Works 
Centers (PWCs). 

To establish uniformity of cost and inspection performance, a survey 
was conducted in which inspection contractors were consulted to determine 
the inspection costs by pile material (Ref 1). This analysis led to a 
projection for the total cost of inspecting the 1,200 plus waterfront 
facilities identified for inclusion in this program. However, these 
projections did not include a standardized procedure for determining the 
number of piles or elements to be inspected within a facility. 

Based on a review of over 100 inspection reports of waterfront facil- 
ities (Ref 2), it was found that the selection of the number of elements 
to be inspected within a facility does not currently follow any consistent 
approach. Most of the underwater surveys included a 100-percent Level I 
(visual swim-by) inspection. The remainder of the inspection then usually 
focused on areas of suspected damaged through the execution of additional 
Level II or Level III inspections. The function of each of these levels 
of inspection is described in Reference 3. Whenever there was a "random" 
selection process introduced into the inspection, the specifications set 
for the number of samples to be taken did not follow any statistical 
basis. 

None of the inspection and assessment reports reviewed identified 
any standard statistical inference methods to assess the results of the 
observations. No attempt was made to guarantee that random sample 
selection was used in the selection of the elements for inspection. 

The concept of using statistical sampling techniques to aid in the 
planning of underwater inspections was first presented in Reference 3. 
This report includes a discussion of inspection strategy and is broken 
into three distinct areas: 


(1) Calibration of equipment (i.e., measurement errors related 
to the measurement tools). 


(2) Number of measurements per pile (i.e., the number of 
measurements needed to provide the required accuracy of 
estimating the average cross section, thickness, or other 
measurement parameter). 


(3) Number of piles to measure (i.e., a determination of the 
number of piles that would make up a sample needed to provide 
a required accuracy and confidence level for the assessment 
of the overall condition and maintenance requirements for 
the entire structure). 


Prior to undertaking the formal development of statistical sampling 
criteria, a survey was conducted to determine what procedures, if any, 
commercial port authorities used as criteria for scheduling and conduct— 
ing underwater waterfront facility inspections. This report (Ref 4) was 
to determine what criteria were used for sampling and how they deter- 
mined the inspection frequency. It was found that there have not been 


any formal cost/benefit analyses made regarding these objectives. Most 
inspections were done if there was suspicion of damage or on a periodic 
schedule that was "based upon past experience and the availability of 
funds." There were no inspection programs that used any statistical 
sampling as a projection of facility condition. 

The lack of criteria and procedures from commercial sources and 
concerns about the adequacy of current Navy inspection procedures 
prompted the establishment of the project at NCEL to develop criteria 
for preliminary inspection of waterfront facilities. The main emphases 
of this project were threefold: 


(1) To develop procedures based on statistical sampling theory for 
use in planning and assessing the results of underwater 
inspections 


(2) To validate the theory using data from previous inspections 
and conducting special inspections to test the procedures for 
selection of data samples 


(3) To develop the criteria and procedures in a format easily 
implemented by field personnel 


This report addresses these three areas. 


STATISTICAL SAMPLING THEORY 


There are two primary methods for establishing a sampling criterion: 
(1) judgment sampling and (2) statistical sampling. In judgment sampling, 
a subjective decision is made regarding the criteria for selecting samples 
from a population. This is commonly used whenever there is expert knowl- 
edge about the population being sampled and the investigator feels 
"comfortable" with the choice made based on past experience with investi- 
gations of this population. This method of sampling offers no guidelines 
for determining the sample size nor any recognized method for the pro- 
jection of the results of the sample onto the entire population. 

In the second sampling technique, called statistical sampling, the 
sample is selected by a specified method of random sampling. The advan- 
tage of statistical sampling is that it permits the objective measurement 
of the variability of the sample and prescribes scientific methods to 
project the results to the target population. Using the statistical 
sampling method provides a mathematical rationale for evaluating the 
tradeoffs between the cost of collecting the data and the selection of a 
confidence level and a specified accuracy. 

Two major types of sampling plans, sampling by variables and sampling 
by attributes, are discussed in the remainder of this section. Sampling 
by variables occurs when a quality or parameter of each element of the 
population can be measured using either a continuous or discrete scale. 
These data are then analyzed to determine an average or mean value of the 
parameter, as well as other statistical indicators of the distribution of 
the data. Examples of variable sampling include measurements of the 


diameter, area, or thickness of pilings. In sampling by attributes, each 
of the sampled elements is classified as good (acceptable) or bad (defec- 
tive) after inspection. This type of sampling plan would be used to 
determine the percentage of piles infested by marine borers or to estimate 
the number of piles falling within a certain maintenance category. 


Sampling by Variables 


Assuming that the variation of measurements within the critical 
section of a structural element is purely random, the mean value of n 
measurements x x Sodoo Bs ales 

sivas n 


nN 
SKE (1) 


where: x, = measurement taken on the ee element of the sample 
xX = mean or average value of all the samples 
n = number of samples 

and the variance of the sample is 


n 


= 2 
coe miata a wee ee o 
i=l 


2 is the variance 


where s_ is the standard deviation of the sample and s 
of the Sample. s 
From the Central Limit Theorem, the error in estimating the mean 
value of the measurement parameter using a statistical sample rather than 


the entire population can be estimated from: 


s- = — (3) 


where s- is the standard deviation of calculating the mean from the sample 
size (n¥. From this it can be observed that the sampling error is a 
function of the standard deviation of the sample data and the number of 
samples. 

Since the standard deviation of the data sample is a function of the 
deterioration of the facility being inspected, the tolerable sampling 
error can be controlled only by the number of samples taken. The Central 
Limit Theorem shows that the distribution of the sample means is normally 
distributed regardless of the distribution of the population sample. 
Therefore, the expected error in estimating the mean value of the sample 
can be predicted by: 


e = og (4) 


\a 


where: e = expected error in calculating the sample mean 


z = standard normal distribution value associated with a 
confidence coefficient of (l-a/2) (see Appendix A) 


a = desired confidence indicator 


Solving for n: 


Za) 
im = x] (5) 
e 


If the expected error is given in terms of a percentage of the mean 
measurement value, then: 


a Meigen (6) 


where c is the desired accuracy of the estimate in terms of a percentage 
of the mean value (x). 
Substituting into Equation 5, 


The term s_/x is also designated the Coefficient of Variation, 
x 
denoted by b.- Therefore, 


2 


ma = le (7) 
@ x 


The preceding discussion was developed for a sample taken from an 
infinite population. When the population size is finite, as in the case 
of a waterfront facility, the equation for the number of required samples 
can be modified to include a term accounting for the population size as 
follows: 


as ae N © 


where N is the total population size. 
As the population size (N) gets larger, Equation 8 reduces to that 
shown in Equation 7. 


Sampling by Attributes 

When the inspection is conducted to determine an attribute (propor- 
tion of the population exhibiting a specific characteristic), then the 
sample size required to obtain a desired accuracy and level of confidence 


is given by: 


2 
Digna 2 neiee») (9) 
c 


where: z = standard normal distribution value associated with a 
confidence coefficient of (l-a/2) 


c = desired accuracy of the estimate expressed as a percentage 


p = expected proportion of the population exhibiting the 
attribute of interest 


a = desired confidence indicator 


Figure 1 shows the relationship between the factor p(l-p) and the 


expected proportion (p). 


628) 


.20 


15 


p (1-p) 


10 


.05 


IL fess 
OO) HL OZ Gs “O02 0S 06" G7 (08 a9 | 10 


Expected Percent, p 


Figure 1. Relationship of p(p - 1) versus p. 


When the population size is finite, as in the case of a waterfront 
facility, the equation for the number of required samples can be modified 
to include a term accounting for the population size as follows: 


2 1 -1 
n = Pon ravie © e 78 Te (10) 
Zip Clap) 


Again, as the population size (N) gets larger, Equation 10 reduces 
to the expression in Equation 9. Figure 2 shows a family of curves 
depicting the percentage of samples required for a finite versus an 
infinite population as a function of the population size. 


Frequency and Probability Distributions 


Distributions in statistical analysis are important because they 
provide a way of summarizing variations in observed data. The dis- 
tributions deal with expectations and are used to make inferences and 
decisions under conditions of uncertainty. Three distributions of 
importance to this discussion are the frequency, probability, and 
cumulative distribution functions. 
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Figure 2. Percentage of samples required for a finite 
versus infinite population. 


Frequency distributions provide an indication of the relative 
magnitude of occurrence of all the measurements in an inspection survey. 
A frequency distribution shows the number of observations from the data 
set that fall into each measurement interval. The measurement interval 
must be selected to be at least as large as the accuracy of the measure- 
ment tool and should provide meaningful intervals covering the entire 
range of possible measurement values. Frequency distributions are 
usually depicted by a histogram as shown in Figure 3. The frequency 
distribution can be shown on either an absolute or relative scale. An 
absolute distribution plots the actual number of occurrences for each 
interval, while a relative distribution shows the percentage of occur- 
rences compared to the total number of observations in each interval. 
For ease of comparison of frequency distributions with other statistical 
distributions, the relative distribution is generally used. 

Probability distribution functions (PDF) are theoretical frequency 
distributions developed to deal with statistical expectations. These 
distributions are commonly used to make inferences under conditions of 
uncertainty. The normal (or Gaussian) distribution is the most common 
of the probability distributions dealing with a continuous random variable. 
Its properties make it useful in many situations in which it is necessary 
to make inferences from sample data. This type of distribution has been 
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Figure 3. Frequency distribution for timber pile diameters. 
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ANALYSIS FOR MAYD 
CATEGORY=WEB AT ELEVATION=TOP 


STANDARD DEVIATION= 0.035 MEAN THICKNESS= 0.313 
NUMBER AT ZERO= 3 NUMBER OVER NOMINAL..= 6 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.11 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 53 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= Ve 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 8 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 6 
INTERVAL PERCENT PERCENT $ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.225 1 1.9 1.0 40.0 1.0 
0.250 4 (a2) 4.2 33.3 5.2 
0.275 12 22.6 12.4 26.7 17.6 
0.300 8 5 rent 23.1 20.0 40.7 
0.325 16 30.2 27.0 13.3 67.7 
0.350 9 17.0 19.9 6.7 87 .6 
0.375 3 5.7 9.2 0.0 96.8 
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ANALYSIS FOR MAYD 
CATEGORY=WEB AT ELEVATION=MID 


STANDARD DEVIATION= 0.037 MEAN THICKNESS= 0.334 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 2 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.11 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 63 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 13 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 9 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 6 
INTERVAL PERCENT PERCENT $.LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.225 0.0 0.2 40.0 0.2 
0.250 2 3.2 1.3 33.3 1.6 
0.275 7 11.1 5.4 26.7 7.0 
0.300 14 22.2 14.1 20.0 21.1 
0.325 9 14.3 23.7 13.3 44.8 
0.350 12 19.0 25.8 6.7 70.6 
0.375 19 30.2 18.2 0.0 88.8 
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ANALYSIS FOR MAYD 
CATEGORY=WEB AT ELEVATION=M/L 

STANDARD DEVIATION= 0.031 MEAN THICKNESS= 0.345 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 12 
COEFFICIENT OF VARIATION OF THICKNESS....... = 0.09 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 54 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 9 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= T 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 5 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.225 1 Uo) 0.0 40.0 0.0 
0.250 2 Bo ff 0.2 333395} 0.2 
0.275 0.0 otf QO of 1.9 
0.300 5 9.3 8.2 20.0 10.1 
0.325 10 18.5 Ai o5 13.3 Silieno 
0.350 25 46.3 30.9 Gienr: 62.4 
0.375 11 20.4 24.3 0.0 86.7 
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ANALYSIS FOR MAYSB 
CATEGORY=FLANGE AT ELEVATION=TOP 


STANDARD DEVIATION= 0.066 MEAN THICKNESS= 0.459 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 3 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.14 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 8 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 40 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 27 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 19 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.275 0.0 0.3 45.0 0.3 
0.300 1 12.5 0.6 40.0 1.0 
0.325 0.0 1.5 35.0 5") 
0.350 0.0 3.2 30.0 5.7 
0.375 0.0 BY6 {/ 25.0 11.4 
0.400 1 12.5 9.0 20.0 20.4 
0.425 0.0 12.3 15.0 32.7 
0.450 0.0 14.5 10.0 47.2 
0.475 2 25.0 14.9 5.0 62.1 
0.500 y 50.0 13.3 0.0 75-4 
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Thickness (Ins) 
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ANALYSIS FOR MAYSB 
CATEGORY=FLANGE AT ELEVATICN=MID 

STANDARD DEVIATION= 0.047 MEAN THICKNESS= 0.451 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 1 
COEFFICIENT OF VARIATION OF THICKNESS... 0+-. = 0.10 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 10 
PRECISION HALFWIDTH SPECIFIED (INCHES)....--= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 21 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL...-- = 14 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 10 
INTERVAL PERCENT PERCENT g LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.325 0.0 OFS 35.0 0.5 
0.350 0.0 tod 30.0 2.0 
(Fo sht/ 5 2 20.0 4.4 25.0 6.4 
0.400 2 20.0 9.7 20.0 16.1 
0.425 0.0 16.2 15.0 32.3 
0.450 0.0 20.5 10.0 52.8 
0.475 3 30.0 19.8 5.0 12.6 
0.500 3 30.0 14.5 0.0 87.1 
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ANALYSIS FOR MAYSB 
CATEGORY=FLANGE AT ELEVATION=M/L 


STANDARD DEVIATION= 0.007 MEAN THICKNESS= 0.491 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= T 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.02 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 4 


PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 


SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 1 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 1 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 1 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.475 2 50.0 1-7 5.0 Coll 
0.500 2 50.0 88.2 0.0 95.9 
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ANALYSIS FOR MAYSB 
CATEGORY=WEB AT ELEVATION=TOP 

STANDARD DEVIATION= 0.029 MEAN THICKNESS= 0.334 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 0 
COEFFICIENT OF VARIATION OF THICKNESS......-5 0.09 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 11 
PRECISION HALFWIDTH SPECIFIED (INCHES).....-= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL....-= 8 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 6 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 4 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
eeccceee coe eee oo eee eere Herre - sesessass sessssesse 
0.250 0.0 0.3 33.3 0.3 
0.275 1 9.1 2.8 26.7 3.2 
0.300 3 27.3 12.8 20.0 15.9 
0.325 0.0 28.6 13.3 KHLS 
0.350 tf 63.6 31.9 6.7 76.5 
0.375 0.0 Nol 0.0 94.3 
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ANALYSIS FOR MAYSB 
CATEGORY=WEB AT ELEVATION=MID 


STANDARD DEVIATION= 0.022 MEAN THICKNESS= 0.325 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 0 
COEFFICIENT OF VARIATION OF THICKNESS.....-+5 0.07 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 11 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 5 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 4 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 3 
INTERVAL PERCENT PERCENT %$ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.250 1 9.1 0.0 33.3 0.0 
0.275 0.0 2.2 26.7 2.2 
0.300 1 9.1 16.1 20.0 18.2 
0.325 U 63.6 40.1 13.3 58.4 
0.350 2 18.2 32.4 6.7 90.8 
0.375 0.0 8.5 0.0 99.3 
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Figure 13. Frequency and probability distribution-- 
Castle Island Pier. 
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Figure 14. Frequency and probability distribution-- 
MBTA Bridge. 


7 


Warren Lobster House Mean = 7.695 
Interior Piles ; Standard Deviation = 1.876 
Normal Distribution 
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Figure 15. Frequency and probability distribution—- 
Warren Lobster House. 


Using the equations presented in the STATISTICAL SAMPLING THEORY 
section for sampling by variables, a small sample (11 piles) was randomly 
selected from the total data set for each pier. As the samples were 
acquired, the sample size was recalculated using the mean and standard 
deviation of the sample data. If required, additional samples were then 
randomly selected from the remaining data until the calculated sample 
size was less than the number of samples selected. 

Based on the analysis conducted during this study, it was found 
that the required sample size varied from a minimum of 5 piles to a 
maximum of 37 piles depending on the degree of deterioration found in 
the pier. The mean diameter calculated for each sample was within 
0.5 inch of the mean diameter calculated for the entire population for 
each pier. This was well within the 10-percent accuracy and 90-percent 
confidence level used to determine the required sample sizes. 

Another objective of this study was to determine if the magnitude 
of the required maintenance could be determined from the data sample. 

To demonstrate the suitability of making these predictions based on 
sample probability distributions, an effective diameter of 7 inches was 
selected as the critical diameter for replacement. The actual percentage 
of pilings having a minimum effective diameter less than 7 inches was 
compared to the predicted percentage of pilings with diameters less than 
7 inches obtained from random samples from each pier. Results of this 
analysis are presented in Table 1. From these data, it can be seen that 
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Table 1. Analysis of Predicted Maintenance Requirements 


Complete Sample Random Sample 


Facility ae nal No. < D e ~~ D i %<D 
Name (Sample) Normal Weibull 


Warren 
Lobster 
House 


Bldg 4 - 
Fish Pier - 
Boston 


National 
Park 
Service 


Boston Fish 
Pier 


Castle 
Island 
Park 


MBTA 


All Piers 


D i critical diameter of piling. 
c 


predictions made from either the normal or Weibull distribution functions 
were more accurate (within 5 percent of the actual requirement) than the 
simple ratio method and should be used for estimation of maintenance and 
repair projects. 

This study concluded that the distribution of damage due to natural 
deterioration could be modeled using either the normal (Gaussian) dis- 
tribution or a Weibull distribution. A sample randomly selected from 
the population, using sampling theory equations to determine the required 
sample size, could be used to accurately predict the average diameter, 
distribution of deterioration, and maintenance requirements within the 
accuracy and level of confidence selected prior to the selection of the 
data. The next phase of the work required development of procedures to 
implement the sampling criteria during actual inspections rather than 
the selection of random data taken from previously inspected piers. 
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Inspection of Timber Piles at St. Helena Annex 


The initial evaluation of the proposed sampling criteria was con- 
ducted during one phase of the inspection of facilities at the Naval 
Shipyard in Norfolk, VA. These inspections were conducted by Childs 
Engineering Corp. under the direction of CHESDIV Code FPO-1 as part of 
the Specialized Inspection Program. This evaluation was conducted on 
four timber piers (Figure 16). The piers are about 80 feet wide and 
650 feet long, with 110 to 120 bents, each bent having from 20 to 22 
piles. The total number of support piles per pier ranges from 2,133 to 
2,240 (see Table 2). Each pier has a concrete deck surface and two 
standard gauge railways. Pier 12 also has a relieving platform and an 
extra railway for a large crane, 


Table 2. Pier Characteristics 


Year Total No. 
Constructed of Piles 


The purpose of this field inspection was to test several proposed 
statistical sampling plans and evaluate their results. Specifically, 
four sampling plans were used. A different plan was tested on each of 
the four piers. The following list summarizes the methods of selecting 
the samples (the piers are listed in the order in which they were 
inspected): 


(1) Pier 14 - Random selection of 10 piles in each of 3 pile 
categories (30 samples). 


This was the first pier inspected. The pier was divided into 

three strata: (1) batter piles, (2) bearing piles supporting 

crane rails, and (3) bearing piles not supporting crane rails. 
A Tandy Model 100 computer was used to generate 10 sorted ran- 
dom numbers within the range of piles for each stratum. 


Using the pier plan drawings, the 10 pilings in each stratum 
were located by first selecting a corner of the pier as a 
starting point (a unique beginning piling for each stratum was 
chosen) and then numbering each pile in consecutive order 
throughout the stratum. The pile number (determined by the 
random number generator) was then located on the pier plan 
drawing and the process was continued until all 30 piles in 
each of the three strata were identified (Figure 17). 
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Piers at St. Helena Annex. 


Figure 16. 
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Bent 55 


Bent 120 


Figure 17. Piles sampled at Pier 14. 
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(2) Pier 13 - Systematic selection of 10 piles in each of 3 pile 
categories (30 samples). 


This pier was divided into three strata: (1) batter piles, 

(2) bearing piles supporting crane rails, and (3) bearing piles 
not supporting crane rails. A Tandy Model 100 computer was 
used to generate a single random number within the range of 
piles in the first skip interval for each stratum. Using the 
pier plan drawings, a corner of the pier was selected as a 
starting point. The total number of piles belonging to a 
stratum was divided by 10 to determine the skip interval for 
the systematic pile selection procedure. The first pile was 
located by selecting a random number within the first skip 
interval. Subsequent piles were located along the length of 
the pier by passing over the number of piles equal to the skip 
interval and marking the pile at that location. This procedure 
continued until all the samples in each stratum were chosen 
(Figure 18). 


Note: After the samples were taken for Piers 14 and 13, it was 
determined that there was not a significant difference among 

the mean values of the three strata. Therefore, it was decided 
to treat all the bearing piles as a single group for these piers 
as well as subsequent piers inspected at St. Helena. 


(3) Pier 12 - Random selection of 10 bents and 3 piles within each 
bent (30 samples). 


Ten randomly selected bents were chosen. Within each selected 
bent, three random piles were chosen to be sampled (Figure 19). 
This pier has a relieving platform and required the divers to 
use surface-supplied air. Because of the inherent dangers to 
the divers on this type of pier, the divers were in two-way 
communication with the personnel topside. This increased the 
speed of sampling and aided in the recording of the diver 
observations. 


(4) Pier 11 - Proportional and Variable Sampling. 


A random selection of 96 piles was sampled based upon propor- 
tional sampling criteria assuming the most difficult proportion 
to estimate: that 50 percent of the pilings had borer damage. 
These piles were evaluated for borer damage during the Level I 
inspection since no measurement data were required (Figure 20). 


To acquire the measurement for the variable sample, five bents 
were randomly selected from the pier. Within each bent, from 5 
to 7 random piles were selected for a total of 30 samples 
(Figure 21). 
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Figure 18. Piles sampled at Pier 13. 
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Figure 19. Piles sampled at Pier 12. 
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Figure 20. Proportion sample at Pier 11. 
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Figure 21. Variable sample at Pier ll. 


call 


Diameter measurements were obtained using calipers with measurement 
accuracy of +0.25 inch recorded to the nearest 1/2 inch rounded down. 
The sampling plan developed by NCEL was used to specify which pilings 
were to be inspected within each pier. Childs Engineering Corp. provided 
additional measurement data that were required as part of the normal 
FPO-1 inspection contract. These samples were used to test the effect 
of larger sample sizes on the measurement statistics and to gather suf- 
ficient data to test the assumption that the distribution of pile dian- 
eters is normal. 


Inspection of Steel Sheet Piles at Naval Station, Mayport 


The second opportunity to evaluate the underwater inspection sampling 
plan was during the inspection of steel sheet piling at Naval Station, 
Mayport, FL. This inspection was conducted by Ogaltree Engineering under 
the direction of personnel from CHESDIV Code FPO-1. The inspection was 
performed during October and November 1985. The initial plan was to 
collect data from three separate facilities that would provide sample 
data from about 30 stations (i.e., 10 stations per berth or wharf with 
data collected from 3 elevations per station). This plan had to be modi- 
fied during the inspection, as described below, to conform to contractual 
requirements tor the inspection. 

The Naval Station at Mayport, FL, has two carrier berths; three 
wharves for berthing destroyers, frigates, etc.; four destroyer berths; 
one ammunition berth; a small craft berth; and three support vessel 
berths (Figure 22). Because the construction of the berthing facilities 
at Mayport spans a time period of over 34 years, with new berthing 
facility construction occurring throughout the 34 years, a stratified 
sample plan was implemented. That is, the Mayport port facility was 
divided into separate berthing sites by date of construction. Table 3 
lists the 10 separate berthing facilities along with their years of con- 
struction, station numbers (inclusive), and the database filename used 
for the analysis of the data. 


Table 3. Naval Station, Mayport, FL 


at rae : Year : Database 
Facility Identification Care Sein cs Stations Name 
= 

Bulkhead East of C2 various MAYC2E 
Carrier Berth C2 1960 MAYC2 
Bulkhead Between C1-C2 1952 MAYC1C2 
Carrier Berth Cl © 1952 MAYC1 
Bulkhead From Cl to B3 1952 MAYC1B3 
Berths Bl, B2, and B3 1970 MAYB123 
Berth Al 1980 MAYA 
Berths Dl, D2, D3, and D4 1959 MAYD 


Small Boat Berth 1959 MAYSB 
Berths El, E2, and E3 1983 MAYE 
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Figure 22. Facility configuration at Naval Station, Mayport. 
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The Mayport Naval Station was further stratified by elevation 
(i.e., by depth). Three elevations were selected to be inspected for 
each station sampled: 


(1) At the tidal zone near mean low water (MLW) 
(2) At middepth between 15 and 20 feet below MLW 
(3) At or near the mud line 


Based on past experience, it was expected that most of the loss of 
material, as indicated by thickness measurements, would be at the first 
zone (MLW) and the least at the mud line. 

Two types of sampling techniques were used during the Mayport Naval 
Station underwater inspection: random and systematic. The samples for 
berths C2 East, Cl, Bl, and Al used random station number selection. 

The remaining berths used the systematic approach to select station 
numbers. A portable battery-operated computer (Tandy 100) was used to 
generate the station numbers for both the random and systematic selec- 
tion methods. The length of the facility, the type of selection method, 
and number of samples desired were entered into the computer. A printed 
copy of the station numbers for each berth was supplied to the inspection 
contractor. 

For a simple random station inspection (e.g., Carrier Berth Cl), 10 
random numbers were generated by the portable computer within the range 
of the length of the facility. These numbers were sorted in ascending 
order and added to the beginning station number for the particular 
falcsellsictiyz. 

For a systematic station inspection (e.g., Echo Wharf), the length 
of the facility (1,650 feet) was divided by the number of samples (10), 
thus providing the skip interval (165 feet) and the range of the first 
station number. The first station number was determined by generating a 
random number (137) within the skip interval and adding this to the 
beginning station number (8583 + 137 = 8720, or station 87+20). Subse- 
quent station numbers were selected by adding the skip interval to the 
preceding station number. For example, the second station number was 
88+85 (8720 + 165 = 8885). 

Three elevations were inspected at each station. Three or more 
measurements were recorded at each elevation. These measurements were 
then used to make estimates of the thickness distribution for each 
facility and determine whether or not additional samples were required 
for the specified confidence level and desired precision. 

The order of berth inspections was determined by port activities 
and ship movements. Furthermore, the inspection stations for each berth 
had to be located and marked. Port plans did not exactly match the 
as-built facilities. Primarily, this was a problem for the Bravo and 
Alpha berthing. The station identification of the northwest corner of 
Bravo, 31+99, could not be confirmed. It was determined that when Bravo 
was constructed, the cellular construction pushed the berthing wall east- 
ward about 50 to 75 feet. Station 31+99 was now under the tarmac service 
area. 

Adjustments to the beginning station number for Bravo and Alpha 
berths alleviated this problem. All other facilities were referenced 
from the station numbers listed on the port facility drawings. NCEL 
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personnel measured and marked the station numbers (i.e., those used for 
reference every 100 feet) and the suggested inspection station locations 
with paint on the surface of the berthing facilities. These included 
Bravo, Alpha, Delta, Small Craft, Echo, and the C2 East bulkhead. 

Bravo Wharf was the first inspection site. Ten randomly chosen 
stations were selected. Because of time constraints on the first day 
and port conditions, the first five stations (beginning at the northwest 
corner and proceeding southward) were inspected. On-site calculations 
showed that these were sufficient to provide an estimate of the sheet 
piling thickness with a confidence of 95 percent and a precision of 
0.025 inch. Bravo was built in 1970 and was in excellent condition with 
the protective paint still providing corrosion resistance. 

Although 10 stations were proposed and selected for the sampling 
inspection, FPO-1 had specified 21 stations to be inspected. NCEL pro- 
vided an additional 11 stations to fulfill the contractual requirements. 
Based on analysis of these “extra” samples, the conclusions from the 
initial five samples were not altered. 

Alpha Wharf was inspected on the second day. Ten randomly chosen 
stations were selected. However, based on the date of construction, 
1980, a smaller sample size would have been suggested had this been an 
inspection based on statistical sampling. Again, this wharf was in 
excellent condition. No additional samples were needed to estimate the 
thickness of the sheet pilings with a confidence of 95 percent and a 
precision of 0.025 inch. 

One station was eliminated from the statistical calculation (59+22). 
The thickness reading showed an average of 0.375 inch. All other mea- 
surements for Alpha were near 0.500 inch. After discussion with port 
personnel, it was determined that it was possible that 0.375-inch nominal 
sheet pilings were mixed in with the 0.500-inch sheet pilings. During 
the construction of Alpha, the C2 East bulkhead had sustained a failure 
and the construction crew moved from Alpha to C2 East to repair the 
damaged area. Since the nominal thickness of the sheet piles needed to 
repair C2 East was 0.375 inch, most likely, one or more of the remaining 
0.375-inch sheet piles were brought back to Alpha Wharf and used in its 
construction. 

Delta Wharf contains four berthing areas, Dl to D4, and was con- 
structed in 1959. To conform to FPO-1 sample requirements, 21 stations 
were selected using the systematic sampling procedure. The amount of 
deterioration was as much as 14 percent for the web and 11 percent for 
the flange. The normal distribution model visually appeared to agree 
with the observed data very well. Ten samples would have been suffi- 
cient to estimate the range of thickness values based upon the coeffi- 
cient of variation. Without prior inspection information and based upon 
the age of the facility, 10 samples would have been specified for an 
inspection by statistical procedures, as compared to the 21 actually 
used. 
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ANALYSIS OF VALIDATION INSPECTION DATA 


Data from the two on-site inspections were analyzed to determine 
the required versus actual sample size as well as the suitability of the 
data to make predictions of structural capacity and maintenance require- 
ments. A complete listing of the data from these two inspections is 
presented in Appendixes C and D. 

The following sample statistics were calculated from the data 
obtained during the inspection of the piers at St. Helena: 


1. Pile Measurements (Variable Sampling) 


Mean diameters 

Coefficient of variation for cross-sectional area 
Standard deviation 

Standard error of the mean 

Confidence interval at 95 percent 


2. Proportions (Attribute Sampling) 


e Standard error of proportion 
e Confidence intervals 
e Maintenance criteria 
e Good condition 
e Wrap 
e Concrete jacket 
e Replacement 
e Proportion of borer activity 


3. Other Statistical Measures 


e Chi-square “goodness of fit" to a normal distribution 

e Multiple regression analysis to estimate the time required 
to move from bent to bent, time to perform different 
inspection levels, and time for other related activities 


Table 4 summarizes the analysis of the data collected from the 
variable and proportional sampling plans. Each pier has two columns of 
data. The first column is data from the sample set of 30. The second 
column is data based upon the larger sample size required by the FPO-1 
contract. These columns are labeled NCEL and FPO1, respectively. The 
estimates of the population parameters differ very little between the 
two sample sizes for measurement statistics based upon mean pile dia- 
meter. The major difference between the two columns is the predicted 
proportion of borer activity and the width of the confidence interval 
for mean diameters. Borer activity is an attribute of the pier popula- 
tion; hence, it requires a larger number of samples to obtain an esti- 
mate. Pier 11 was the only pier which was specifically sampled for this 
attribute. 
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Table 4. Statistical Summary 


NCEL | FPO] | NCEL | FPO1}| NCEL | FPO1 | NCEL | FPO] 


30 147 183 30%) 205 
Iso |) U2os . 1 : 
ats) eee) 1.6 G3) Lew Wodl 
5) 12 14 3} 10 9 


Variable Statistics 


Sample Size 
Mean Value, in 


Coefficient of 
Variation, % 
Confidence Interval: 
Upper Limit, in 
Lower Limit, in 


I3>O |) I265 |) Wasa | W252 |) e252 lee 
Wie M2ZS ib) MCS pM Ses MMS ey yi ots) 


Sample Size Require- 
ment Based Upon 
Initial Sample 


90% Confidence 8 16 B35 25 28 25 Wail 13 
Level 
95% Confidence 1S} 16 50 35) 40 35 16 19 


Level 


Attribute Statistics 


a 
% of Borer Activity | 38 38 53 47 47 73 20 30 
Standard Error, % 4.9 30 9 Soo) 9 Dae, hee) 7) hs 


“The attribute data for Pier 11 were obtained from a 
sample size of 96. 


Except for Pier 12, the sample size of 30 elements was sufficient 
at the 90-percent confidence level for an accuracy of 0.50 inch to pro- 
vide estimates of the population parameters. To obtain the measurement 
statistics, the larger samples that were taken (between 3.9 and 6.8 times 
the number needed for the specified confidence levels) were not econom- 
ically worth the reduction in the confidence interval about the mean 
diameter measurement. 

Table 5 reports the results of the Chi-square “goodness of fit” 
calculations. Using the assumption that the pile diameters are 
characterized by the normal distribution, the Chi-square “goodness of 
fit" statistic was compared with the Chi-square distribution for the 
corresponding degrees-of-freedom for each pier sample. A confidence 
interval level of 95 percent was used and corresponds to a 5.0-percent 
area in the right tail of the Chi-square distribution. 
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Table 5. Chi-Square "Goodness of Fit” 


Chi-Square 
Distribution Value 
at the 5% Level 


Chi-Square 


Pi No. EA 
For No Statistic 


am 5.623 X(0.05,5) = 11.070 
12 5.513 X(0.05,8) = 15.507 


13 14.349 MCOSOS5 UO) S US36 S07 


14 6.211 (O605,8) 3 NS, 507/ 


To interpret the results, the Chi-square statistic should be compared 
with that of the Chi-square distribution value. If the Chi-square statis-—- 
tic is lower than the Chi-square distribution value for a given confidence 
level and number of degrees-of-freedom, then it may be assumed that the data 
can be characterized by the expected distribution, in this case the normal 
distribution, at a confidence level of 95 percent. 

If the Chi-square statistic value is larger than the Chi-square distri- 
bution value, then the assumption that the observed distribution is normal 
would be rejected. This is because the probability that the actual distri- 
bution is normal and the difference between the Chi-square values is due to 
chance is less than 5 percent. 

Since the Chi-square statistic for all four piers is less than the 
corresponding Chi-square distribution value, the hypothesis that the pile 
diameters can be characterized by the normal distribution is accepted. 

The purpose of regression analysis is to estimate the effect of one or 
more variables upon another. When planning an underwater inspection, it is 
desirable to be able to estimate the time required to perform an inspection 
based upon the levels of inspection for a given set of piles and bents. 

Table 6 shows the independent and dependent variables listed in rows. 
The columns contain the values that correspond to these variables. Each 
column represents one diving session. The data for Pier 12 are not included 
because of the difference in the diving techniques. For Pier 12, the divers 
were using surface-supplied air; Piers 11, 13, and 14 were inspected by 
divers using scuba equipment. 


Table 6. Multiple Regression Analysis (Input) 


Variables (One 


Independent 

No. of bents 7 17 M7 16 

Level I (no. piles) 85 237 256 266 

Level II (no. piles) 49 90 89 53 

Dependent 

Time, min 65 144 165 150 
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The time for each session represents the total “in-water” time for two 

divers. Using multiple regression analysis, the proportion of the total 
time that can be assigned to each independent variable can be estimated. 
Any unaccounted time will be reflected in the analysis as a constant number. 
This number may be interpreted as the sum of time assigned to other “events” 
that occurred during the inspection. Tables 7a and 7b tabulate the results 
of the regression analysis. 


Table 7a. Multiple Regression Analysis (Output)--Mean Values 


Variable 


No. of bents 

No. of piles by Level I 
No. of piles by Level II 
Diving time, min 


Table 7a gives the mean values for the activities performed during 
the diving sessions. Included are the number of bents inspected, piles 
inspected via Level I, piles inspected via Level II, and the average 
“in-water” time for each diving session. 


Table 7b. Multiple Regression Analysis (Output )-- 
Time to Perform Each Activity 


Transit time for bents 
Level I inspection 
Level. Il inspection 
Overhead time 


Note: Multiple Correlation Coefficient of 0.95. This 
indicates that there is a strong correlation 
among the variables. 


Table 7b estimates the time required to perform each particular 
activity. The time to move from bent to bent was 1.08 minutes. Since 
the selection of pilings was via a random process, the divers traversed 
various bent increments and were not necessarily moving to adjacent bents. 
The average inspection time for a Level I inspection, including both 
Level I and modified Level I, was 0.3 minute. The average inspection 
time for a Level II inspection was 0.67 minute or about 2-1/4 times a 
Level I inspection. Other activities account for 8.08 minutes for each 
diving session. 
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Since two divers were involved in the inspections, the estimated 
times reflect the time required using two divers. The time for a single 
diver to perform each function is about double these values. 

As an illustration of the application of the estimates of the time 
required to inspect timber pilings based upon the multiple regression 
analysis data, assume a sampling strategy as follows: 96 pilings are 
inspected via Level I for assessing the presence of borer activity, and 
30 Level II measurements are required to obtain an estimate of pile 
diameters. To estimate the in-water time required for one diver to 
inspect a pier with 120 bents, the following times can be derived from 
the regression analysis: 


1. Time to inspect 96 piles using Level I 
inspection methods (96 piles x 36 s): 58 min 


2. Time to inspect 30 of the 96 piles using 


Level II inspection methods (30 x 80 s): 40 min 

3. Time to traverse about 120 bents: 260 min 
4, Time to perform other in-water activities: 8 min 
5. Total estimated time for inspection: ae es 
Goll in 


Table 8 shows the estimate of the amount of maintenance required 
for each pier. Each pier is listed twice, once using data from the 
smaller sample and the second time using data from the larger sample. 
The maintenance criteria based upon the amount of area remaining for 
each pile, as recommended by O'Neill (Ref 7), are as follows: 


(1) No maintenance if over 95 percent area remaining. 


(2) Wrap the pile if less than 95 percent but equal or greater 
than 75 percent. While it may be interesting to determine 
if a piling falls within this interval, the recommended 
repair is probably not realistic since a pile falling into 
this category may still be structurally adequate. However, 
if the pile has borer damage, then it may be necessary to 
wrap the pile to prevent additional deterioration due to 
increased borer activity. 


(3) Concrete jacket the pile if less than 75 percent but greater 
than 50 percent. 


(4) Replace the pile if less than 50 percent area remaining. 
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Table 8. Estimated Maintenance 


Estimated % 


Area Equivalent 
Type of R our ; 
5 emaining Diameter 
Maintenance 5 : Smaller Larger 
(%) (in) a 
Sample Sample 
Pier 14 
None >95 >it le @ 194 USS 2 
Wrap the Pile 75-95 QoG-lil 5O S52 18.6 
Concrete Jacket H—7S) 8.0-9.8 Dro 2: Sol 
Replacement <50 <8.0 0.0 0.0 
Pier 13 
None >95 TARO T2550 
Wrap the Pile I5—QD 19.0 IQeZ 
Concrete Jacket H0=7/5 Soe) Pod 
Replacement <50 OR 0.5 


None 
Wrap the Pile 

Concrete Jacket 
Replacement 


None 


Wrap the Pile 
Concrete Jacket 
Replacement 


“smaller sample size = 30 for all piers. Larger sample sizes 
roe pues 45 Is, 125 eicl Mil cree 20S, Wes}, WA7, eimal M7, 
respectively. 


Table 8 compares the estimates of the percentages of piles in each 
of four area-remaining categories. The four maintenance criteria inter- 
vals were based upon an assumption that an 8-inch-diam pile was the 
minimum acceptable diameter. The sample sizes used in the measurements 
are in parentheses beneath the last column heading. The areas were 
calculated from the diameter measurements. The differences between the 
estimates for the respective sample sizes are very small. As more 
samples are taken, the confidence intervals about the mean values (see 
Table 8) are reduced. However, as an example, the reduction of the 
confidence interval by 35 percent requires three times the number of 
samples. For a pier in good condition, it is probably not worth the 
additional expense of gathering additional samples. 
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A summary of the data obtained from the Mayport inspection is 
presented in Table 9. From these data it is apparent that most of the 
facilities were overinspected when even a 98-percent confidence level 
was desired. Only three sections of the facility required more samples 
than were available from the data collected (bulkhead C1-B3 at the mean 
water line and the small boat berth at both the mean water and midwater 
inspection elevations). For each of the other facilities and elevations, 
the number of samples taken exceeded the requirement by a factor of from 
3 EQ) NOs 

A Chi-square analysis of the data was attempted. However, it was 
found that there were insufficient data at each elevation of the various 
facilities to allow an accurate prediction of the type of distribution 
that would best fit the entire population. 


RECOMMENDED SAMPLING PROCEDURES 


The St. Helena and Mayport inspections contributed valuable information 
regarding the inspection of timber piers and steel sheet piles using statis-— 
tical samples. The results of statistical analysis on the measurement data 
confirmed certain assumptions and refined sampling procedures. The assump- 
tion that the pile diameters can be modeled using the normal distribution 
was confirmed using the Chi-square test on the larger sample sets from the 
St. Helena inspection. 

The sampling procedure requires the following steps to be performed 
in the planning and execution of an underwater inspection for a timber 
structure: 


1, Identify the structure to be inspected and determine the type 
of materials used in construction and other related factors, such as age 
of the structure and repair and replacement history information. 


2. Establish a critical structural measurement parameter (such as 
the effective piling diameter) to be used as a measure of the condition 
of the structure. 


3. Determine if an attribute parameter will be recorded as pertnent 
to this type of structure (e.g., borer activity for timber structures). 
This attribute will be recorded and the percentage level will be predicted. 


4, Identify the maintenance and repair criteria. An example is a 
set of remaining-area percentages used to designate the type of remedial 
action to be taken. 


5. Specify the precision and confidence levels for the inspection. 
The selection of this controlling parameter is dependent upon economic 
as well as mission requirements and structural factors. For attribute 
sampling a confidence level of 95 percent with a precision of +10 percent 
normally will be adequate. For variables sampling, the initial selection 
of these parameters should be based on structural and mission requirements 
as shown in the table below. It can then be modified based on economic 
constraints imposed by the available funding. 
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Material Accuracy (%) 


Timber 10 

Steel 4 
Mission Confidence (4%) 
Nominal 90 
Moderate 95 
Cealen@eul 98 


6. Use the formula for estimating the mean to obtain the sample 
size, if maintenance is based upon a critical measurement parameter, 
such as effective diameter or cross-sectional area. The STATISTICAL 
SAMPLING THEORY section of this report presents equations that can be 
used for sample sizes based on either the expected standard deviation of 
pile diameters or upon the expected coefficient of variation. Because 
of the time required to take additional samples, it is recommended that 
a minimum of 30 samples be taken during the initial phase of the inspec-— 
tion. 

The recommended minimum sample size of 30 elements proved sufficient 
to obtain an estimate of the mean diameter and percentage of piles within 
specific diameter intervals for a desired confidence level. Using this 
sample size, an estimate of the percentage of piles that fall into the four 
maintenance categories can be determined. However, if the lower limit of 
the confidence interval for the percentage of piles in good condition or 
in need of repair is less than 80 percent, then additional samples are 
required. 


7. For attribute (proportional) sampling, base the initial number of 
samples on the expected or historical proportion for the specific attri- 
bute to be tabulated (see Sampling by Attributes section). At St. Helena, 
the attribute to be determined was the percentage of pilings with borer 
damage. Using a confidence level of 95 percent, an accuracy of 10 percent, 
and an expected attribute proportion of 20 percent, the number of samples 
needed is 81. 

The maximum sample size requirement for attribute estimation occurs 
when the expected proportion is 50 percent of the population. Unlike 
variable sampling, the number of samples needed for proportional sampling 
for a given confidence level and accuracy can be determined by using the 
most conservative expected proportion value, that of 50 percent. Assuming 
a confidence level of 95 percent and an accuracy of 10 percent, the maximum 
number of samples required is 97. 

Attribute sampling can usually be conducted during the Level I phase 
of the inspection since measurement values are not required. Proportional 
sampling requires only a binary value (usually a Yes or No) tabulation. If, 
however, the extent of marine growth fouling prevents an accurate determina-— 
tion of the attribute, then this type of sample will have to be obtained as 
part of the Level II inspection. 
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8. Select a random sampling technique. Systematic sampling is 
preferred over simple random sampling. For the type of facilities in 
the underwater inspection program with the extent of redundancy inherent 
in the pier structures, there will be a gain in the precision of the 
samples. The gain in precision over simple random sampling results from 
the natural stratification of pier structures, particularly the charac- 
teristic bent and pile design. Systematic sampling ensures that a more 
“even” distribution of pile samples is realized, thus enlarging the 
sample coverage over the pier. 

It was found that the pier plan drawings can be used for systematic 
pile selection with relative ease. For example, to select 30 samples 
from a pier that has 2,000 piles, the total number of piles (excluding 
the fender and perimeter piles, dolphins, etc.) is divided by the 
required sample size. For this example, 2,000/30 results in a skip 
interval of 66. Next, a random starting number in the first skip inter- 
val (between 1 and 66) must be selected. A skip interval of 66 is used 
to find the next pile to sample. In this way, only one random number 
needs to be selected from a table of random numbers (Appendix B) or 
using a random number generator available on many hand-held calculators. 
The remaining samples are selected by systematically continuing along 
the rows or bents using the skip interval to determine the spacing 
between samples. This process is repeated until all the piles for this 
sample are identified. 

Piles can be selected by proceeding lengthwise along the pier or 
along each bent across the width of the pier. Any pattern is acceptable 
as long as the skip interval is not a multiple of the number of piles 
along the direction selected, in either length or width. 

During the inspection, if a pile to be sampled is not accessible or 
the drawing is incorrect, choose another pile nearest the sample pile. 
This will tend to add to the randomness of the sample and is quite 
acceptable for analysis. Any changes from the original sampling plan 
should be noted to assure that the pile plan used in subsequent inspec- 
Ealon's ils) (ComnEeck. 


9. Collect samples. The data for each variable and attribute to 
be measured in the structure are collected from the predefined sample 
elements. The techniques and equipment used to collect the data must be 
at least as accurate as the required precision of the statistical analysis. 
It is essential that where variable data are required, the actual measure- 
ment is reported rather than a subjective assessment such as “original 
thickness” or “no damage.” 


10. Analyze sample data. The initial analysis of the sample data 
should be conducted on site to confirm that sufficient data have been 
collected to meet the accuracy and confidence level requirements estab- 
lished prior to the inspection. This analysis should be conducted in 
two phases: 


(1) Confirm that the number of samples is adequate to estimate 
the mean and standard deviation of the population. 


4) 


(2) If the analysis indicates a requirement for maintenance, 
analyze the proportion of piles in each maintenance 
category to assure that the attribute sampling criteria 
can be satisfied. 


After collecting the data from the original sample, the mean and 
standard deviation should be calculated. These values are then substi- 
tuted into Equation 7 or 8 to determine the required sample size based 
on the actual versus assumed condition of the structure. If the new 
sample size requirement exceeds the original projection, then additional 
random samples must be selected using the procedures outlined above. 
The new samples should not duplicate any of the elements selected for 
the original sample set. Experience has shown that this second itera- 
tion of sampling has always been sufficient to meet the sample size 
requirements; however, it is recommended that after data are acquired 
from any sample set a new sample size calculation should be made using 
all the data collected. 

Once the confidence and accuracy requirements for calculation of 
the average facility condition (mean and standard deviation) have been 
met, the expected maintenance and repair requirements should be pro- 
jected by calculating the percentage of piles falling within each main- 
tenance category using the probability distribution function developed 
from the sample data. The expected percentage for each of these cate- 
gories is an attribute of the population; therefore, the required sample 
size must be calculated using Equation 9 or 10, even though the data 
were acquired from a measurement of a variable. 

If the original sample size was selected to determine an attribute 
for which measurement data were not appropriate (i.e., proportion of 
piles with marine borer damage), then a statistical analysis will pro- 
vide an estimate of the mean proportion value, the standard error of 
proportion, and the confidence interval. There should be no reason to 
require additional samples if the initial assumption of proportion was 
the worst case of 50 percent. 


SUMMARY 


The scientific approach to sampling, where an estimate of the con- 
dition and the extent of required maintenance is obtained, guarantees 
that the inspection will gather information that can be analyzed in a 
Manner consistent with standard statistical practices. The procedures 
presented in this report yield results that can be relied upon for a 
given confidence level and accuracy requirement. The criteria presented 
in this report provide a scientific method for specifying the number of 
elements to be sampled for each waterfront facility. Data obtained using 
these criteria can be compared to each other with proven correlation 
procedures to indicate trends in deterioration rates and allow more 
accurate projections of maintenance and repair requirements. 
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CONCLUSIONS AND RECOMMENDATIONS 


1. The facility condition assessment in the Specialized Inspection Program 
is adequate to project maintenance and repair needs. No additional data 
are required. 


2. Predictions made from either the normal or Weibull distribution functions 
were more accurate (within 5 percent of the actual requirement) than the 
simple ratio method and should be used for estimating maintenance and repair 
projects. 


3. Reducing the confidence interval by 35 percent requires three times the 
number of samples. For a pier in good condition, it is probably not worth 
the additional expense of gathering these extra samples. 


4. Stratification of a facility will usually increase the precision and 
reduce sample size requirements. Perform the following steps to stratify 
apea CHallintayss 


a. Divide the facility into four categories by pile function: 
(1) fender piles, (2) perimeter piles, (3) batter piles, and (4) interior 
bearing piles. 


b. When partitioning the structure, consider the date of construction 
of different parts of the facility or maintenance of a significant portion 
of the facility. 


c. Consider the load bearing capacity of the piles. Segregate those 
piles that support a structure, trackage, or other exceptional live or dead 
load from the remainder of the structure for analysis. 


d. Use the systematic approach for selecting samples for individual 
pile and bulkhead structures. The systematic approach is the easiest 
method for selecting inspection samples. It provides a more “even” cover- 
age over the length and width of the facility and allows the selection of 
piles or stations that take into account the redundant type of construction 
methods and the character of waterfront structure usage and exposure. 
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Appendix A 


TABLE OF NORMAL DISTRIBUTION VALUES 


CONFIDENCE INTERVAL 
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TABLE B-1 


TABLE OF RANDOM NUMBERS 


(610) (1I)A{I5) (16) 20) (21)4 25) (26)H{30) (31) H35) 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 |. 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 


Souace: Excerpt from Tate of 105,000 Random Decimal Digits. Interstate Commerce Commission, Bureau of 
Transport Economics and Stausucs, May 1949. 
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ANALYSIS TABLES FOR ST. HELENA DATA 
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ANALYSIS FOR PIERI1 
(FPO-1 SAMPLE) 


STANDARD DEVIATION= 1.035 MEAN DIAMETER = 11.99 
ORIGINAL STD DEV. = 0.907 MEAN (ORIGINAL)= 12.23 
COEFFICIENT OF VARIATION (SAMPLE DIAMETER)..= 0.09 


COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= 0.07 


COEFFICIENT OF VARIATION FOR CROSS-SECTION = OF) 
TOTAL NUMBER OF PILES INSPECTED (LEVEL I1é&II)= 174 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = IIL 7/ 
PERCENTAGE OF PILES WITH BORER ACTIVITY = I3o5) 
STANDARD ERROR OF PROPORTION..............0. = 3.6% 
INTERVAL PERCENT PERCENT CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 


8 0.00 0.000 = 5} 5)7/ Shs) 0.0000 
9 2 1.70 0.804 -2.4077 0.0080 
10 11 9.40 6.692 -1.4416 0.0749 
Il 35 PQS HEB -.4755 0.3173 
12 4l 35.04 37.076 0.4906 0.6881 
NS} 23 I9.05) 23.903 1.4567 OS 927A 
14 5 4,27 6.511 2.4228 ORI D22 
15 0.00 0.774 3.3889 1.0000 
TYPE OF AREA EQUIVALENT ESTIMATED 
MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% >11.0 81.4% 
WRAP 75-95% 9.3 > IilO 16.62 
CONCRETE JACKET 50-75% 8.0 > Dos 1.9% 
REPLACEMENT <50% < 8.0 0.02% 


ANALYSIS FOR PIER12 
(FPO-1 SAMPLE) 


STANDARD DEVIATION= 1.528 MEAN DIAMETER = 12.34 
ORIGINAL STD DEV. = 1.247 MEAN (ORIGINAL)= 12.63 
COEFFICIENT OF VARIATION (SAMPLE DIAMETER)..= OR 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= 0.10 
COEFFICIENT OF VARIATION FOR CROSS-SECTION = OR23 
TOTAL NUMBER OF PILES INSPECTED (LEVEL Ié&II)= DON 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 147 
PERCENTAGE OF PILES WITH BORER ACTIVITY = NT 5M 
STANDARD FP ERROR TOS PROP OREGON crore eel elleltelenelelelels) elle = 3.2% 
INTERVAL PERCENT PERCENT CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 


5 1 0.68 0.000 -4.4793 0.0000 

6 O00 Oc Ovo =) (8/5 0.0000 

7 1 0.68 0.000 =35 17 Z 0.0000 

8 0500 OWoSY4 VA Syl 7/ Al 0.0059 

9 4 Dol Bo SVhil il SoS) 0.0313 

10 8 5.44 8.208 -1.2090 0.1134 

Il 32 PO 17,024 = Ag) 0.2896 

LZ 4] 27389) 245973 0.0990 0.5394 

WS) 30 20.40 23.456 0.7531 0.7739 

14 23 15.64 14.621 1.4071 0.9202 

TS 7 “AoW Dos) 2.0612 0.9802 

16 0.00 1.643 Zod Nae 0.9966 

17 O00  OWod3so Jo309)3) 1.0000 

TYPE OF AREA EQUIVALENT ESTIMATED 

MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% S50 79.8% 
WRAP T-I 9.8 > Il20 15.0% 
CONCRETE JACKET 50-75% 30) = Yoo 4.7% 
REPLACEMENT <50% < 3510) 0.22 


ANALYSIS FOR PIER13 
(FPO-1 SAMPLE) 


STANDARD DEVIATLION= 1.546 MEAN DIAMETER = 11.99 
ORIGINAL STD DEV. = 1.516 MEAN (ORIGINAL)= 12.44 
COEFFICIENT OF VARIATION (SAMPLE DIAMETER). .= ORS 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= ORa2 
COEFFICIENT OF VARIATION FOR CROSS-SECTION = 0.24 
TOTAL NUMBER OF PILES INSPECTED (LEVEL I&I1)= 369 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 185 
PERCENTAGE OF PILES WITH BORER ACTIVITY = 72.8 
STANDARD ERROR OF PROPORTION......-.cccececee = 2.3% 
INTERVAL PERCENT PERCENT CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 


6 1 0.54 0.000 Soda 0.0000 
7 4 DoW, We ALS) -2.9066 0.0018 
8 3) 1.62 IONE BoP) 0.0119 
g) 3 1.62 4.147 oO Sil 0.0534 
10 10 5,40 Lire -.9663 0.1672 
Hal 49 26.48 20.750 = 96 0.3747 
M2; 68 0575 Ddod33) 0.3271 0.6280 
13 22. 11.89 20.659 0.9739 0.8346 
14 21 ie 3a) e268 1.6206 0.9473 
15 2 1.08 4.094 2.2674 0.9882 
16 2 eOes ~— OoYYZ 2.9141 0.9981 
17 0.00 0.181 3.5609 1.0000 
TYPE OF AREA EQUIVALENT ESTIMATED 
MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% >11.0 72.6% 
WRAP 75-95% 933 = Li @ 19.2% 
CONCRETE JACKET 50-75% S30 = Doe 7.5% 
REPLACEMENT <50% < 8.0 0.5% 


ANALYSIS FOR PIERI14 
(FPO-1 SAMPLE) 


STANDARD DEVIATION= 1.134 MEAN DIAMETER = 11.94 
ORIGINAL STD DEV. = 0.988 MEAN (ORIGINAL)= 


! 
a 
Nh 
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lee) 
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COEFFICIENT OF VARIATION (SAMPLE DIAMETER).. 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= 0.08 


COEFFICIENT OF VARIATION FOR CROSS-SECTION = 0.18 
TOTAL NUMBER OF PILES INSPECTED (LEVEL I&II)= 350 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 205 
PERCENTAGE OF PILES WITH BORER ACTIVITY = 30.0 

STANDARD BERR OR Ob GPR OR ORTON veratetete crete! elelietersle\ = 2.4% 

INTERVAL PERCENT PERCENT CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 

7 1 0.48 0.000 =3 59215 0.0000 

8 1 0.48 0.000 -3.0401 0.0000 

9 5 2.43 e555 lOO OW 50155 

10 15 Todil 8.542 = e277 0.1009 

11 62 30.24 24.523 390 0.3462 

12 78 38.04 34.015 0.4857 0.6863 

13 BY) WAG IA D259) 1.3672 0.9139 

14 13 6.34 W309 2.2487 0.9876 

15 1 0.48 1.234 Sp WSO 1.0000 

TYPE OF AREA EQUIVALENT ESTIMATED 
MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% Sto 78.2% 
WRAP IS-D Db M53 = lilo 18.6% 
CONCRETE JACKET 50-75% S60 = 9.8 3.1% 
REPLACEMENT <50% < 8.0 0.0% 


c-5 


ANALYSIS FOR PIERI1 
(NCEL SAMPLE) 


STANDARD DEVIATLON= 0.920 MEAN DIAMETER = 12.07 
ORIGINAL STD DEV. = 0.677 MEAN (ORIGINAL)= 12.32 
COEFFICIENT OF VARIATION (SAMPLE DIAMETER)..= 0.08 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= 0.05 
COEFFICIENT OF VARIATION FOR CROSS-SECTION = 0.15 
TOTAL NUMBER OF PILES INSPECTED (LEVEL I&11)= 30 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 30 
PERCENTAGE OF PILES WITH BORER ACTIVITY = 36.6 
STANDARD ERROR OF PROPORTION......--.eeeeeee = 8.7% 
INTERVAL PERCENT PERCENT CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 


8 0.00 0.000 -3.8820 0.0000 
9 1 3533 “Wo Aos 25 195i 0.0026 
10 1 3533 Be M23) -1.7082 0.0438 
il U U3533)  BASIOL -.6213 0.2674 
WZ 15 50.00 41.166 0.4655 0.6790 
13 5 16.66 26.042 1.5524 0.9394 
14 ] 3533 - DoOL7/ 2.6393 0.9957 
15 0.00 0.422 SR Zo?: 1.0000 
ANGE, OF AREA EQUIVALENT ESTIMATED 
MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% Sli ,0 86.3% 
WRAP 75-95% 953 > 11,0 12.9% 
CONCRETE JACKET 50-75% 8.0 > 908 0.7% 
REPLACEMENT <50% < 8.0 0.0% 


ANALYSIS FOR PIER11 
(NCEL SAMPLE) 


(PROPORTION) 

STANDARD DEVIATION= 1.196 MEAN DIAMETER = 11.92 
ORIGINAL STD DEV. = 1.112 MEAN (ORIGINAL)= 12.18 
COEFFICIENT OF VARIATION (SAMPLE DIAMETER)..= 0.10 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER)= 0.09 
COEFFICIENT OF VARIATION FOR CROSS-SECTION = 0.19 
TOTAL NUMBER OF PILES INSPECTED (LEVEL I&II)= 96 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 39 
PERCENTAGE OF PILES WITH BORER ACTIVITY 37/55 

STANDARD ERROR OF PROPORTION...........-cee- = 4.9% 

INTERVAL PERCENT PERCENT CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 

7 0.00 0.000 -3.7014 0.0000 

8 0,00 O24 -2.8655 0.0021 

9 1 25 Chee O20 -2.0296 0.0213 

10 6 15.38 9.504 -1.193 Oe les 

il 12 30.76 24.402 -,3578 0.3604 

12 7 OLE AS26316 0.4780 0.6835 

13 10 D564 29 18S 1.3139 0.9054 

14 3 7.69 7865 2.1498 0.9840 

15 O00 1.45! 2.9857 0.9986 

16 0,00 O138 3.8216 1.0000 

TYPE OF AREA EQUIVALENT ESTIMATED 
MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% Silil_,© 76.4% 
WRAP 75-95% 9.8 - 11.0 19.4% 
CONCRETE JACKET 50-75% 8.0 - 9.8 4.0% 
REPLACEMENT <50% < 8.0 0.0% 


ANALYSIS FOR PIER12 
(NCEL SAMPLE) 


STANDARD DEVIATION= 1.876 MEAN DIAMETER = 11.85 
ORIGINAL STD DEV. = 1.360 MEAN (ORIGINAL)= 12.50 
COEFFICIENT OF VARIATION (SAMPLE DIAMETER). .= 0.16 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= Oi 
COEFFICIENT OF VARIATION FOR CROSS-SECTION = O29 
TOTAL NUMBER OF PILES INSPECTED (LEVEL I&II)= 30 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 30 
PERCENTAGE OF PILES WITH BORER ACTIVITY = D353) 
STANDARDS ERRORVOF “RLROR ORION penersietevelsueielereisielele = 9.1% 
INTERVAL PERCENT PERCENT CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 


5 1 3.33 0.000 -3.3867 0.0000 
6 ORO OR Ohe22:2. -2.8538 0.0022 
7 1 3633 — OG 7S -2.3208 0.0101 
8 0.00 2.676 -1.7879 0.0369 
9 0.00 6.808 Ih, 25D) 0.1050 
10 4 133533) ISSO 5 AA OF2853 
1] 5 16.66 18.962 -.1891 0.4249 
12 7 D539) (Ao 932 0.3437 0.6343 
13} 8 ZS) A/S 0.8766 0.8094 
14 4 L3o393 Lik, LS 1.4095 0.9205 
15) 0500 65,326 1.9425 0.9738 
16 0.00 195.0 2.4754 0.9933 
NY 0.00 0.669 3.0083 1.0000 
TYPE OF AREA EQUIVALENT ESTIMATED 
MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% >11.0 66.3% 
WRAP 75-95% 9,8 > til.,O 19.5% 
CONCRETE JACKET 50-75% So0 = Dob 11.9% 
REPLACEMENT <50% < 8.0 2.1% 


ANALYSIS FOR PIER13 
(NCEL SAMPLE) 


STANDARD DEVIATION= 1.643 MEAN DIAMETER = 12.00 
ORIGINAL STD DEV. = 1.536 MEAN (ORIGINAL)= 12.98 
COEFFICIENT OF VARIATION (SAMPLE DIAMETER). .= 0.14 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= OFZ 
COEFFICIENT OF VARIATION FOR CROSS-SECTION = 0.26 
TOTAL NUMBER OF PILES INSPECTED (LEVEL IéI1)= 30 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 30 
PERCENTAGE OF PILES WITH BORER ACTIVITY = 46.6 
STANDARD ERROR OF PROPORTION........ 02 cscce = 9.1% 
INTERVAL PERCENT PERCENT CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 


6 1 3833) 05000 -3.3492 0.0000 

7 0.00 0.313 -2.7408 0.0031 

8 On00ms 1847; -2.1324 0.0166 

9 00) A, 7/sin -1.5240 0.0639 

10 0.00 11.621 —.9156 0.1801 

ial 192 40.00 19.925 -.3072 0.3793 

1D 9 30.00 23.894 0.3011 0.6183 

13 4 13.33 19.999 0.9095 0.8183 

14 3 10.00 11.702 1.5179 0.9353 

15 0.00 4.780 2.1263 0.9831 

16 i S308) | S865 2.7347 0.9968 

17 O,00 Ossi 3.3431 1.0000 

TYPE OF AREA EQUIVALENT ESTIMATED 

MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% >11.0 TAG, 
WRAP 75-95% 9.8 - 11.0 19.0% 
CONCRETE JACKET 50-75% 8.0 - 9.8 8.5% 
REPLACEMENT <50% < 8.0 07% 


ANALYSIS FOR PIER14 
(NCEL SAMPLE) 


STANDARD DEVIATION= 1.042 MEAN DIAMETER = 11.92 
ORIGINAL STD DEV. = 0.907 MEAN (ORIGINAL)= 
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COEFFICIENT OF VARIATION (SAMPLE DIAMETER).. 
COEFFICIENT OF VARIATION (ORIGINAL DIAMETER )= 0.08 


COEFFICIENT OF VARIATION FOR CROSS-SECTION = 0.17 
TOTAL NUMBER OF PILES INSPECTED (LEVEL I&I1)= 30 
NUMBER OF PILES WITH DIAMETER MEASUREMENTS = 30 
PERCENTAGE OF PILES WITH BORER ACTIVITY = 20.0 
STANDARD ERROR OF PROPORTION.............20. = 7.3% 
INTERVAL PERCENT PERCENT CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED Z-VALUE PERCENT 


8 0.00 0.000 -—3.2837 0.0000 

9 I 3533} 1.009 -2.3240 0.0100 

10 3 10.00 7.640 -1.3643 0.0865 

ip 8 26.66 25.641 -.4046 0.3429 

i 14 46.66 36.740 0.5550 0.7103 

13 1 3533 D24o4 NS SILAY 0.9349 

14 3 10.00 55 Bs 2.4744 029932 

15 0.00 0.671 3.4341 1.0000 

TYPE OF AREA EQUIVALENT ESTIMATED 
MAINTENANCE REMAINING DIAMETER PERCENT 
NONE >95% >11.0 IQ 4B 
WRAP 75-95% ORS nlelenO) 18.2% 
CONCRETE JACKET 50-75% 8.0 - 9.8 Do Cl 
REPLACEMENT <50% < 8.0 0.0% 
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45.00 ETE SBMS) 


0.500 0.450 0.400 0.450 0.300 0.350 0.200 


Thickress Cins) 
QO Qbeened + Estimated 


ANALYSIS FOR MAYC2 
CATEGORY=FLANGE AT ELEVATION=TOP 


STANDARD DEVIATION= 0.034 MEAN THICKNESS= 0.451 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 2 
COEFFICIENT OF YARIATION OF THICKNESS.......= 0.08 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 28 
PRECISION HALFWIDTH SPECIFIED (INCHES).....-= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 11 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL....-= 8 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 6 
INTERVAL PERCENT PERCENT ~@ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
eeeeereceaz MP ermeenrer2 fF2e4e2e22802 ef8e2222°2*°° sSsseseseee Bssessssaaa 
0.350 0.0 0.2 30.0 0.2 
0.375 3 10.7 1.6 25.0 1.8 
0.400 1 3.6 6.9 20.0 8.7 
0.425 3 10.7 17.7 15.0 26.4 
0.450 12 42.9 27.5 10.0 53.9 
0.475 8 28.6 25.7 5.0 79.6 
0.500 1 3.6 V4.4 0.0 94.0 
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Frequenoy 


Mic Serene Wid clan 2 
Flange at Middle 
40.00 


Thickness (ins) 
O Obecened + Estimated 


ANALYSIS FOR MAYC2 
CATEGORY=FLANGE AT ELEVATION=MID 


STANDARD DEVIATION= 0.025 MEAN THICKNESS= 0.474 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= t 
COEFFICIENT OF VARIATION OF THICKNESS....... = 0.05 
NUMBER OF FLEMENTS WITH THICKNESS VALUES....= 23 
PRECISION HALFWIDTH SPECIFIED (INCHES)...... = 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= T 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 5 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 3 
INTERVAL PERCENT PERCENT # LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.400 1 4.3 0.4 20.0 0.4 
0.425 3 13.0 3.9 15.0 4.3 
0.450 3 13.0 18.3 10.0 22.6 
0.475 8 34.8 35.8 5.0 58.4 
0.500 8 34.8 29.6 0.0 88.1 


Frequenoy 


Moa yYDO rt Whar C2 
: Flange ot M/L 


&0.c5 


50.00 


20.00 


Thickness (ins) 
o Obeenead + Estimated 


ANALYSIS FOR MAYC2 
CATEGORY=FLANGE AT ELEVATION=M/L 


STANDARD DEVIATION= 0.026 MEAN THICKNESS= 0.477 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 6 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.06 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 24 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= T 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 5 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 4 
INTERVAL PERCENT PERCENT $ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.400 0.0 0.3 20.0 0.3 
0.425 3 VA05 3.3 15.0 3.6 
0.450 6 25.0 15.9 10.0 19.5 
0.475 2 8.3 Ss} 0 7/ 5.0 53.1 
0.500 13 54.2 31.4 0.0 84.6 
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Mavens Wier ©] 162 


<_— 


Thickness (Ins) 
ra : 


oO Oteened Estimated 


CATEGORY=FLANGE AT ELEVATION=TOP 


STANDARD DEVIATION= 0.042 MEAN THICKNESS= 0.391 
NUMBER AT ZERO= 1 NUMBER OVER NOMINAL..= 0 
COEFFICIENT OF VARIATION OF THICKNESS....... = 0.11 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 20 
PRECISION HALFWIDTH SPECIFIED (INCHES)...... = 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= Ut 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 12 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL..... = 8 
INTERVAL PERCENT PERCENT $ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.275 0.0 Om5 45.0 0.5 
0.300 2 10.0 Voll 40.0 2.2 
0.325 1 5.0 5.4 35.0 7.6 
0.350 1 5.0 12.2 30.0 19.8 
0.375 5 25.0 19.7 25.0 39.5 
0.400 6 30.0 23.0 20.0 62.5 
0.425 2 10.0 19.2 15.0 81.7 
0.450 3 15.0 VVoS 10.0 93.1 
0.475 0.0 4.9 5.0 98.1 
0.500 0.0 1.5 0.0 99.6 
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Mowoom Wier C1 —C2 


30.00 Flange at Middle 


QO Abcened Imated 


ANALYSIS FOR MAYC1C2 
CATEGORY=FLANGE AT ELEVATION=MID 


STANDARD DEVIATION= 0.044 MEAN THICKNESS= 0.436 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 
COEFFICIENT OF VARIATION OF THICKNESS....... = 0.10 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 21 
PRECISION HALFWIDTH SPECIFIED (INCHES)...... = 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 19 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL..... = 13 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL..... = 9 
INTERVAL PERCENT PERCENT %$ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.300 0.0 0.2 40.0 0.2 
0.325 0.0 0.7 35.0 0.9 
0.350 3 14.3 2.6 30.0 3.5 
0.375 0.0 7-0 25.0 10.5 
0.400 3 14.3 Uso 20.0 24.3 
0.425 6 28.6 20.2 15.0 44.6 
0.450 3 14.3 21.8 10.0 66.4 
0.475 3 14.3 17.3 5.0 83.7 
0.500 3 14.3 10.1 0.0 93.8 


Frequenoy 


Mayport Wharf C1—C2 


0.500 0.450 0.400 0.350 0.5330 0.250 


0.200 
Thickness (Ins) 
O Obeenasd + Estimated 
ANALYSIS FOR MAYC1C2 
CATEGORY=FLANGE AT ELEVATION=M/L 

STANDARD DEVIATION= 0.045 MEAN THICKNESS= 0.451 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 3 
COEFFICIENT OF VARIATION OF THICKNESS....... = 0.10 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 21 
PRECISION HALFWIDTH SPECIFIED (INCHES).....-= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 19 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL..... = 13 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL..... = 9 
INTERVAL PERCENT PERCENT $ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
Orsi25 0.0 0.4 35.0 0.4 
0.350 3 14.3 Vos) 30.0 1.6 
0.375 0.0 4.0 25.0 Bo tf 
0.400 0.0 9.5 20.0 B51 
0.425 3 14.3 16.5 15.0 31.6 
0.450 6 28.6 Bilas} 10.0 52.9 
0.475 5 23.8 20.5 5.0 73.4 
0.500 4 19.0 14.6 0.0 88.1 
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ANALYSIS FOR MAYC1C2 
CATEGORY=WEB AT ELEVATION=TOP 


STANDARD DEVIATION= 0.033 MEAN THICKNESS= 0.324 
NUMBER AT ZERO= 5 NUMBER OVER NOMINAL..= 3 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.10 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 13 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 11 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 8 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 6 
INTERVAL PERCENT PERCENT $ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.225 0.0 0.3 40.0 0.3 
0.250 1 tot Vofl 33.3 2.0 
0.275 0.0 fod} 26.7 9.3 
0.300 5 3165 18.6 20.0 27.8 
0.325 4 30.8 28.1 13.3 55.9 
0.350 0.0 25.3 6.7 81.2 
0.375 3 23.1 13.5 0.0 94.8 
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Mayport Wharf C1—C2 


Veleb at Middle 


Thickness (ins) 
Estimated 


ANALYSIS FOR MAYCiC2 
CATEGORY=WEB AT ELEVATION=MID 


STANDARD DEVIATION= 0.027 MEAN THICKNESS= 0.320 
NUMBER AT ZERO= 6 NUMBER OVER NOMINAL. .= 0 
COEFFICIENT OF VARIATION OF THICKNESS....... 


woo 
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NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 18 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= tf 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL..... = 5 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 4 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER CBSERVED EXPECTED INTERVAL PERCENT 
0.250 0.0 0.7 33.3 0.7 
0.275 3 16707 5.8 267, 6.5 
0.300 4 22.2 Biloss 20.0 27.8 
0.325 8 yyy 35.4 13.3 63.1 
0.350 3 116) 207 26.5 6.7 89.6 
0.375 0.0 9.0 0.0 98.6 


Frequenoy 


Mayport Wharf C1—C2 
Web at M/L 


Thickress (ins) 
Q Obeenead + Estimated 


ANALYSIS FOR MAYC1C2 
CATEGORY=WEB AT ELEVATION=M/L 


STANDARD DEVIATION= 0.027 MEAN THICKNESS= 0.328 
NUMBER AT ZERO= 6 NUMBER OVER NOMINAL..= 0 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.08 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 18 


PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 1 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 5 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 4 
INTERVAL PERCENT PERCENT $ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.250 0.0 0.4 33.3 0.4 
0.275 c.9 3.4 26.7 3.7 
0.300 8 | 15.4 20.0 19.2 
0.325 5 27.8 32.4 13.3 51.5 
0.350 1 5.6 31.3 or 82.9 
0.375 4 22.2 14.0 0.0 96.9 
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Thickress (ins) 
o Observed + Estimated 


ANALYSIS FOR MAYC1 
CATEGORY=WEB AT ELEVATION=TOP 


STANDARD DEVIATION= 0.037 MEAN THICKNESS= 0.303 
NUMBER AT ZERO= 1 NUMBER OVER NOMINAL..= 2 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.12 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 22 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 13 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 9 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= U 
INTERVAL PERCENT PERCENT # LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.200 0.0 0.4 46.7 0.4 
0.225 2 9.1 26) 40.0 2.5 
0.250 1 4.5 7.4 33.3 9.9 
0.275 5 22.7 VtfoO 26.7 26.8 
0.300 6 27.3 25.3 20.0 52.1 
0.325 5 22.7 24.4 13.3 76.6 
0.350 2 9.1 UBo8) off 91.9 
0.375 1 4.5 6.2 0.0 98.1 
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Thickress (ins) 
Oo Dbeerned + Estimated 
ANALYSIS FOR MAYC1 
CATEGORY=WEB AT ELEVATION=MID 

STANDARD DEVIATION= 0.046 MEAN THICKNESS= 0.306 
NUMBER AT ZERO= 1 NUMBER OVER NOMINAL..= 2 
COEFFICIENT OF VARIATION OF THICKNESS.......= ORS 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 24 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 20 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 14 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 10 
INTERVAL PERCENT PERCENT %@ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.175 4.2 0.3 53.3 0.3 
0.200 1 2 ol 46.7 1.4 
0.225 N.2 355 40.0 5.0 
0.250 0.0 8.3 33.3 13.3 
0.275 2 (}5 5} 14.9 26.7 28.2 
0.300 12 50.0 20.2 20.0 48.4 
0.325 2 8.3 20.6 US}o8} 69.1 
0.350 2 8.3 5 r09) Gren, 84.9 
0.375 3 Weren5) 9.3 0.0 94.2 
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ANALYSIS FOR MAYC1 
CATEGORY=WEB AT ELEVATION=M/L 


STANDARD DEVIATION= 0.021 MEAN THICKNESS= 0.346 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 4 
COEFFICIENT OF VARIATION OF THICKNESS....---= 0.06 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 24 
PRECISION HALFWIDTH SPECIFIED GENICHIES) Fretdetre=) 0) 1012.9 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL...-+= 5 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL....-= 3 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL....-= 2 
INTERVAL PERCENT PERCENT %4 LOSS CUMULATIVE 
(INCHES) NUMBER OSSERVED EXPECTED INTERVAL PERCENT 
0.275 1 4.2 0.0 26.7 0.0 
0.300 1 4.2 2.4 20.0 2.4 
0.325 5 20.8 19.0 13.3 21.4 
0.350 14 58.3 43.8 6.7 65.3 
0.375 3 Very 5 29.0 0.0 94.2 
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Thickness Cins) 
QO Okteered + Estimated 
ANALYSIS FOR MAYC1B3 
CATEGORY=FLANGE AT ELEVATION=TOP 

STANDARD DEVIATION= 0.058 MEAN THICKNESS= 0.413 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 1 
COEFFICIENT OF VARIATION OF THICKNESS..... .= 0.14 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 13 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 31 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 21 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 15 
INTERVAL PERCENT PERCENT %$ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.250 0.0 0.3 50.0 0.3 
0.275 1 1.7 0.8 45.0 1.1 
0.300 1 Tet Bo) 40.0 Soe 
0.325 0.0 4.5 35.0 1.7 
0.350 0.0 8.2 30.0 15.9 
0.375 1 thot 12.6 25.0 28.5 
0.400 2 15.4 16.0 20.0 ie) 
0.425 4 30.8 17.0 15.0 61.5 
0.450 2 15.4 15.0 10.0 76.5 
0.475 1 Cott 11.0 5.0 87.5 
0.500 1 (otf 6.8 0.0 94.3 
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ANALYSIS FOR MAYC1B3 


CATEGORY=FLANGE AT ELEVATION=MID 


STANDARD DEVIATION= 0.019 MEAN THICKNESS= 0.448 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 0 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.04 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 14 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 4 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 3 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 2 
INTERVAL PERCENT PERCENT & LOSS CUMULATIV 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.400 2 14.3 1.4 20.0 1.4 
0.425 1 Yo 1558 15.0 17.2 
0.450 8 57.1 44.8 10.0 62.0 
0.475 3 21.4 30 | 5.0 94.0 
0.500 0.0 So ff 0.0 99.7 
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ANALYSIS FOR MAYC1B3 
CATEGORY=FLANGE AT ELEVATION=M/L 

STANDARD DEVIATION= 0.012 MEAN THICKNESS= 0.474 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 3 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.03 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 11 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 2 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 1 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 1 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
@e@mreeeerenen aeaoeaee a= wmwoewroeocoeana ererceeoe SSssesses SSsssse58 
0.450 2 18.2 5.5 10.0 5.5 
0.475 8 (Bot 62.7 5.0 68.2 
0.500 j 9.1 Jioe 0.0 99.4 
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ANALYSIS FOR MAYC1B3 
CATEGORY=WEB AT ELEVATION=TOP 


STANDARD DEVIATION= 0.043 MEAN THICKNESS= 0.281 
NUMBER AT ZERO= 1 NUMBER OVER NOMINAL..= 0 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.15 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 13 
PRECISION HALFWIDTH SPECIFIED (INCHES).....-= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 17 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 12 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 9 
INTERVAL PERCENT PERCENT %# LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.150 0.0 0.2 60.0 0.2 
0.175 0.0 0.7 53i03, 0.9 
0.200 1 (hott 2.8 46.7 otf 
0.225 1 tot oll 40.0 11.4 
0.250 4 30.8 5 rere 33.3 26.6 
0.275 1 7-7 21.6 AD ot 48.2 
0.300 4 30.8 22.1 20.0 70.4 
0.325 0.0 16.4 Vos} 86.8 
0.350 2 15.4 BENT Giemt 95.5 
0.375 0.0 3.4 0.0 98.9 
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Thickness (ins) 
8] Qteened + Estimated 
ANALYSIS FOR MAYC1B3 
CATEGORY=WEB AT ELEVATION=MID 

STANDARD DEVIATION= 0.023 MEAN THICKNESS= 0.327 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 0 
COEFFICIENT OF VARIATION OF THICKNESS....+2e% 0.07 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 14 
PRECISION HALFWIDTH SPECIFIED (INCHES)...-++e% 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL...-.= 6 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.-.-.0= y 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL....= 3 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.275 1 oy} 2.3 26.7 2.3 
0.300 4 28.6 14.9 20.0 17.2 
0.325 5 35.7 36.7 13.3 53.9 
0.350 3 21.4 33.4 6.7 87.3 
OoS7S 1 Yo 11.2 0.0 98.6 
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ANALYSIS FOR MAYC1B3 
CATEGORY=WES AT ELEVATION=M/L 


STANDARD DEVIATION= 0.015 MEAN THICKNESS= 0.350 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 2 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.05 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 12 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 3 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 2 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 2 
INTERVAL PERCENT PERCENT # LOSS CUMULATIVE 


(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 


0.300 


0.0 0.2 20.0 0.2 
0.325 4 33.3 9.6 13.3 9.8 
0.350 6 50.0 50.9 6.7 60.7 
0.375 2 16.7 36.0 0.0 96.7 
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ANALYSIS FOR MAYD 
CATEGORY=FLANGE AT ELEVATION=TOP 


STANDARD DEVIATION= 0.027 MEAN THICKNESS= 0.453 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 16 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.06 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 46 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= T 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 5 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 4 
INTERVAL PERCENT PERCENT # LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.350 1 2.2 0.0 30.0 0.0 
0.375 1 2.2 0.4 25.0 0.4 
0.400 1 2.2 3.7 20.0 y.d 
0.425 13 28.3 16.1 15.0 20.1 
0.450 13 28.3 301 10.0 52.8 
0.475 16 34.8 30.8 5.0 83.6 
0.500 1 2.2 Uso 0.0 97.0 
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ANALYSIS FOR MAYD 
CATEGORY=FLANGE AT ELEVATION=MID 


STANDARD DEVIATION= 0.028 MEAN THICKNESS= 0.471 
NUMBER AT ZERO= 3 NUMBER OVER NOMINAL..= 21 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.06 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 41 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 8 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 5 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL..... = 4 
INTERVAL PERCENT PERCENT #4 LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.400 2 4.9 0.9 20.0 0.9 
0.425 6 14.6 6.0 15.0 6.9 
0.450 6 14.6 20.6 10.0 27.4 
0.475 14 34.1 330 8) 5.0 Gitrar2 
0.500 13 Shilo 26.7 0.0 87.9 
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ANALYSIS FOR MAYD 
CATEGORY=FLANGE AT ELEVATION=M/L 

STANDARD DEVIATION= 0.017 MEAN THICKNESS= 0.476 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 18 
COEFFICIENT OF VARIATION OF THICKNESS.....++= 0.04 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 48 
PRECISION HALFWIDTH SPECIFIED (INCHES)...---= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL...- +2 3 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL....-= 2 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL... += 2 
INTERVAL PERCENT PERCENT %4 LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.425 1 2.1 0.4 15.0 0.4 
0.450 18 37-5 10.6 10.0 11.1 
0.475 19 39.6 45.8 5.0 56.9 
0.500 10 20.8 37.3 0.0 94.2 
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ANALYSIS FOR MAYD 
CATEGORY=WEB AT ELEVATION=TOP 


STANDARD DEVIATION= 0.035 MEAN THICKNESS= 0.313 
NUMBER AT ZERO= 3 NUMBER OVER NOMINAL..= 6 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.11 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 53 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 12 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 8 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 6 
INTERVAL PERCENT PERCENT %$ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.225 1 voy) 1.0 40.0 1.0 
0.250 4 (08 4.2 SJs} 08) 5.2 
0.275 12 22.6 12.4 26.7, 17.6 
0.300 8 15.1 23.1 20.0 40.7 
0.325 16 30.2 27.0 13.3 67.7 
0.350 9 17.0 19.9 Bat 87.6 
0.375 3 5.7 9.2 0.0 96.8 
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ANALYSIS FOR MAYD 
CATEGORY=WEB AT ELEVATION=MID 


STANDARD DEVIATION= 0.037 MEAN THICKNESS= 0.334 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 2 
COEFFICIENT OF VARIATION OF THICKNESS......-= Qo.11 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 63 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 13 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 9 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 6 
INTERVAL PERCENT PERCENT %$.LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.225 0.0 0.2 40.0 0.2 
0.250 2 3.2 1.3 33.3 1.6 
0.275 7 11.1 5.4 26.7 7.0 
0.300 14 22.2 14.1 20.0 21.1 
0.325 9 14.3 23.7 13.3 44.8 
0.350 12 19.0 25.8 6.7 70.6 
0.375 19 30.2 18.2 0.0 88.8 
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ANALYSIS FOR MAYD 
CATEGORY=WEB AT ELEVATION=M/L 


STANDARD DEVIATION= 0.031 MEAN THICKNESS= 0.345 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 12 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.09 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 54 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 9 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL..... = U 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL..... = 5 
INTERVAL PERCENT PERCENT # LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.225 1 1.9 0.0 40.0 0.0 
0.250 2 3.7 0.2 33.3 0.2 
0.275 0.0 Wott 26.7 1.9 
0.300 5 9.3 8.2 20.0 10.1 
0.325 10 18.5 21.5 USo5} 31.5 
0.350 25 46.3 30.9 6.7 62.4 
0.375 11 20.4 24.3 0.0 86.7 
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ANALYSIS FOR MAYSB 
CATEGORY=FLANGE AT ELEVATION=TOP 

STANDARD DEVIATION= 0.066 MEAN THICKNESS= 0.459 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL. .= 3 
COEFFICIENT OF VARIATION OF THICKNESS.....+.= 0.14 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 8 
PRECISION HALFWIDTH SPECIFIED (INCHES).....-= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 40 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 27 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL....-= 19 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.275 0.0 0.3 45.0 0.3 
0.300 1 V2r5 0.6 40.0 1.0 
0.325 0.0 1.5 35.0 2.5 
0.350 0.0 3.2 30.0 5.7 
0.375 0.0 5.7 25.0 11.4 
0.400 1 12.5 9.0 20.0 20.4 
0.425 0.0 12.3 15.0 32.7 
0.450 0.0 14.5 10.0 47.2 
0.475 2 25.0 14.9 5.0 62.1 
0.500 4 50.0 13.3 0.0 75-4 
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ANALYSIS FOR MAYSB 
CATEGORY=FLANGE AT ELEVATICN=MID 

STANDARD DEVIATION= 0.047 MEAN THICKNESS= 0.451 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 1 
COEFFICIENT OF VARIATION OF THICKNESS......-= 0.10 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 10 
PRECISION HALFWIDTH SPECIFIED (GENIGHIES)) Reelererere 8 MoO 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 21 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 14 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL..... = 10 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.325 0.0 OD 35.0 0.5 
0.350 0.0 Woe 30.0 2.0 
0.375 2 20.0 yoy 25.0 6.4 
0.400 2 20.0 9.7 20.0 16.1 
0.425 0.0 16.2 15.0 Bic) 
0.450 0.0 20.5 10.0 52.8 
0.475 3 30.0 19.8 5.0 72.6 
0.500 3 30.0 14.5 0.0 87.1 


Frequenoy 


Mayport Wharf SB 


Flange ot MYL 


Trickress (ins) 
O Gteerned + Estimated 


ANALYSIS FOR MAYSB 
CATEGORY=FLANGE AT ELEVATION=M/L 


STANDARD DEVIATION= 0.007 MEAN THICKNESS= 0.491 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= T 
COEFFICIENT OF VARIATION OF THICKNESS.......2 0.02 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 4 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 1 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 1 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 1 
INTERVAL PERCENT PERCENT 4 LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.475 2 50.0 7-7 5.0 7.7 
0.500 2 50.0 88.2 0.0 95.9 
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ANALYSIS FOR MAYSB 
CATEGORY=WEB AT ELEVATION=TOP 


STANDARD DEVIATION= 0.029 MEAN THICKNESS= 0.334 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 0 
COEFFICIENT OF VARIATION OF THICKNESS......-= 0.09 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 11 
PRECISION HALFWIDTH SPECIFIED (INCHES).....-.= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 8 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 6 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL.....= 4 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
ecececeecns coe ewee wom wenn ae seoeeenrne=] SSESSSSSES SSESSSSSSE2 
0.250 0.0 0.3 33.3 0.3 
0.275 1 9.1 2.8 26.7 3.2 
0.300 Atos} 12.8 20.0 15.9 
0.325 0.0 28.6 13.3 WAS 
0.350 v 63.6 31.9 6.7 76.5 
0.375 0.0 Vio 0.0 94.3 
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ANALYSIS FOR MAYSB 
CATEGORY=WEB AT ELEVATION=MID 


STANDARD DEVIATION= 0.022 MEAN THICKNESS= 0.325 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL.. 
COEFFICIENT OF VARIATION OF THICKNESS....0-- 
NUMBER OF ELEMENTS WITH THICKNESS VALUES.... 


i oo OO 
oO 
oO 
~ 


11 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL....-= 5 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 4 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL....-= 3 
INTERVAL PERCENT PERCENT % LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.250 1 9.1 0.0 33.3 0.0 
0.275 0.0 2.2 26.7 2.2 
0.300 1 9.1 16.1 20.0 18.2 
0.325 T 63.6 40.1 13.3 58.4 
0.350 2 18.2 32.4 6.7 90.8 
0.375 0.0 8.5 0.0 99.3 


Frequency 


Mayport Whar SB 


Web at M/L 


Thickness (ins) 
O QAbteened + Estimated 


ANALYSIS FOR MAYSB 
CATEGORY=WEB AT ELEVATION=M/L 


STANDARD DEVIATION= 0.019 MEAN THICKNESS= 0.346 
NUMBER AT ZERO= 0 NUMBER OVER NOMINAL..= 0 
COEFFICIENT OF VARIATION OF THICKNESS.......= 0.06 
NUMBER OF ELEMENTS WITH THICKNESS VALUES....= 11 
PRECISION HALFWIDTH SPECIFIED (INCHES)......= 0.025 
SAMPLE SIZE FOR 98% CONFIDENCE INTERVAL.....= 4 
SAMPLE SIZE FOR 95% CONFIDENCE INTERVAL.....= 3 
SAMPLE SIZE FOR 90% CONFIDENCE INTERVAL..... = 2 
INTERVAL PERCENT PERCENT %$ LOSS CUMULATIVE 
(INCHES) NUMBER OBSERVED EXPECTED INTERVAL PERCENT 
0.300 0.0 1.7 20.0 Voll 
0.325 5 45.5 18.5 13.3 20.2 
0.350 4 36.4 47.6 6.7 67.8 
0.375 2 18.2 28.3 0.0 96.1 
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DISTRIBUTION LIST 


AF 18 CESS/DEEEM, Kadena, JA; 6550 ABG/DER, Patrick AFB, FL; AFIT/DET, Wright-Patterson AFB, OH 

AFB AFSC/DEEQ (P Montoya), Peterson AFB, CO 

AFESC HQ AFESC/TST, Tyndall AFB, FL; HQ RDC, Tyndall AFB, Fl 

NATL ACADEMY OF ENG. Alexandria, VA 

ARMY AMCSM-WCS, Alexandria, VA 

ARMY-ARADCOM STINFO Div, Dover, NJ 

ARMY BMDSC-RE (H McClellan), Huntsville, AL; FESA-E (J Havell), Ft Belvoir, VA; HQODA 
(DAEN-ZCM); POJED-O, Okinawa, Japan 

ARMY CERL CERL-ZN, Champaign, IL 

ARMY CORPS OF ENGINEERS HNDED-CS, Huntsville, AL; HNDED-SY, Huntsville, AL; Library, Seattle, 
WA 

ARMY CRREL CRREL-EA, Hanover, NH; Library, Hanover, NH 

ARMY EWES Library, Vicksburg MS; WESCV-Z (Whalin), Vicksburg, MS; WESGP-E (Green), Vicksburg, 
MS; WESGP-EM (CJ Smith), Vicksburg, MS 

ARMY ENGR DIST Library, Portland OR; Phila, Lib, Philadelphia, PA 

ARMY ENVIRON. HYGIENE AGCY HSHB-EW, Aberdeen Proving Grnd, MD 

ARMY MAT & MECH RSCH CEN DRXMR-SM (Lenoe), Watertown, MA 

ARMY MTMC MTT-CE, Newport News, VA 

ARMY TRANSPORTATION SCHOOL ASTP-CDM, Fort Eustis, VA; ATSP-CDM (Civilla), Fort Eustis, VA 

ARMY-BELVOIR R&D CTR STRBE-AALO, Ft Belvoir, VA; STRBE-BLORE, Ft Belvoir, VA; STRBE-WC, 
Ft Belvoir, VA 

ADMINSUPU PWO, Bahrain 

BUREAU OF RECLAMATION D-1512 (GW DePuy), Denver, CO 

CBC Code 10, Davisville, RI; Code 156, Port Hueneme, CA; Dir, CESO, Port Hueneme, CA; Library, 
Davisville, RI; PWO (Code 80), Port Hueneme, CA; PWO, Davisville, RI; Tech Library, Gulfport, MS 

CINCUSNAVEUR London, England 

CNO Code NOP-964, Washington, DC; Code OP 23, Washington, DC; Code OP-987J, Washington, DC; Code 
OPNAV 09B24 (H), Washington, DC; OP-098, Washington, DC 

COGARD R AND DC Library, Groton, CT 

COMCBLANT Code S3T, Norfolk, VA 

COMDT COGARD Library, Washington, DC 

COMFAIRMED SCE, Naples, Italy 

COMFLEACT PWC (Engr Dir), Sasebo, Japan; PWO, Sasebo, Japan; SCE, Yokosuka Japan 

COMFLEACT, OKINAWA PWO, Kadena, Japan 

COMNAVACT PWO, London, England 

COMNAVLOGPAC Code 4318, Pearl Harbor, HI 

COMNAVRESFOR Code 08, New Orleans, LA 

COMNAVSUPPFORANTARCTICA DET, PWO, Christchurch, NZ 

COMOCEANSYSLANT Fac Mgmt Offr, PWD, Norfolk, VA 

COMTRALANT SCE, Norfolk, VA 

NAVRESCEN PE-PLS, Tampa, FL 

DEFFUELSUPPCEN DFSC-OWE, Alexandria VA 

DIA DB-6E1, Washington, DC; DB-6E2, Washington, DC 

DIRSSP Tech Lib, Washington, DC 

DLSIE Army Logistics Mgt Center, Fort Lee, VA 

DOE Wind/Ocean Tech Div, Tobacco, MD 

DTIC Alexandria, VA 

DTNSRDC Code 4111, Bethesda, MD; Code 172, Bethesda, MD; DET, Code 284, Annapolis, MD; DET, Code 
4120, Annapolis, MD 

EODGRU ONE DET, CO, Point Mugu, CA 

FAA Code APM-740 (Tomita), Washington, DC 

FOREST SERVICE Engrg Staff, Washington, DC 

GIDEP OIC, Corona, CA 

IRE-ITTD Input Proc Dir (R. Danford), Eagan, MN 

KWAJALEIN MISRAN BMDSC-RKL-C 

LIBRARY OF CONGRESS Sci & Tech Div, Washington, DC 

MARINE CORPS BASE ACOS Fac Engr, Okinawa; Dir, Maint Control, PWD, Okinawa, Japan; Maint Ofc, 
Camp Pendleton, CA; PWO, Camp Lejeune, NC; PWO, Camp Pendleton, CA 

MCAF Code C144, Quantico, VA 

MCAS Dir, Ops Div, Fac Maint Dept, Cherry Point, NC; PWO, Kaneohe Bay, HI; PWO, Yuma, AZ 

MCDEC M & L Div Quantico, VA 

MCRD SCE, San Diego CA 

NAF PWO, Atsugi, Japan 

NALF OIC, San Diego, CA 


NAS Code OL. Alameda, CA; Code 182, Bermuda; Code 18700, Brunswick, ME; Code 83, Patuxent River, MD; 
Code SE, Patuxent River, MD; Code 8EN, Patuxent River, MD; Dir, Maint Control Div, Key West, FL; 
Director, Engrg, Div; Engr Dept, PWD, Adak, AK; Engrg Dir, PWD, Corpus Christi, TX; Fac Plan Br Mgr 
(Code 183), NI, San Diego, CA; P&E (Code 1821H), Miramar, San Diego, CA; PWD Maint Div, New 
Orleans, LA; PWD, Maintenance Control Dir., Bermuda; PWO, Dallas TX; PWO, Glenview IL; PWO, 
Keflavik, Iceland; PWO, Key West, FL; PWO, Moffett Field, CA; PWO, New Orleans, LA; PWO, South 
Weymouth, MA; SCE, Cubi Point, RP; Security Offr (Code 15), Alameda, CA; Security Offr, Kingsville, 
TX 

NATL RESEARCH COUNCIL Naval Studies Board, Washington, DC 

NAVAIREWORKFAC Code 100, Cherry Point, NC; Code 61000. Pensacola, FL 

NAVAIRTESTCEN PWO, Patuxent River, MD 

NAVCAMS PWO, Norfolk VA; SCE (Code N-7), Naples, Italy 

NAVCHAPGRU Code 60, Williamsburg, VA 

NAVCOASTSYSCEN Code 2360, Panama City, FL; Code 423, Panama City, FL; Code 630, Panama City, FL; 

Code 715 (J. Mittleman) Panama City, FL; Tech Library, Panama City, FL 

NAVCOMMSTA Dir, Maint Control, PWD, Diego Garcia; PWO, Exmouth, Australia 

NAVEDTRAPRODEVCEN Tech Lib, Pensacola, FL 

NAVELEXCEN DET, OIC, Winter Harbor, ME 

NAVEODTECHCEN Tech Library, Indian Head, MD 

NAVEFAC PWO, Centerville Bch, Ferndale CA 

NAVFACENGCOM CO (Code 00), Alexandria, VA; Code 03, Alexandria, VA; Code 03T (Essoglou), 
Alexandria. VA: Code 04M, Alexandria, VA; Code FPO-3A2 (Bloom), Alexandria, VA; Code FPO-3C, 
Alexandria, VA: Code 07A (Herrmann), Alexandria, VA; Code 07M (Gross), Alexandria, VA; Code 
09M124 (Tech Lib), Alexandria, VA; Code 100, Alexandria, VA; Code 1113, Alexandria, VA; Code 113C, 
Alexandria, VA 

NAVFACENGCOM - CHES DIV. Code 101, Washington, DC; Code 405, Washington, DC; Code 406C, 
Washington, DC; Code FPO-1C, Washington, DC; Code FPO-IPL, Washington, DC 

NAVFACENGCOM - LANT DIV. Br Ofc, Dir, Naples, Italy 

NATL BUREAU OF STANDARDS Bldg Mat Div (Rossiter), Gaithersburg, MD 

NAVFACENGCOM - LANT DIV. Library, Norfolk, VA 

NAVFACENGCOM - NORTH DIV. CO, Philadelphia, PA; Code 04, Philadelphia, PA; Code 04AL, 
Philadelphia, PA; Code 11, Philadelphia, PA; Code 111, Philadelphia, PA; Code 202.2, Philadelphia, PA; 
Code 408/AF, Philadelphia, PA 

NAVFACENGCOM - PAC DIV. Code 101 (Kyi), Pearl Harbor, HI, Code 09P, Pearl Harbor, HI; Code 2011, 
Pearl Harbor, HI; Code 402, RDT&E LnO, Pearl Harbor, HI; Library, Pearl Harbor, HI 

NAVFACENGCOM - SOUTH DIV. Code 1112, Charleston, SC; Code 406, Charleston, SC; Library, 
Charleston, SC 

NAVEFACENGCOM - WEST DIV. 09P/20, San Bruno, CA; Code 04B, San Bruno, CA; Code 102, San Bruno, 
CA; Library (Code 04A2.2), San Bruno, CA; RDT&E LnO, San Bruno, CA 

NAVFACENGCOM CONTRACTS Code 460, Portsmouth, VA; DOICC, Diego Garcia; OICC, Guam; OICC, 
Rota Spain; OICC, Virginia Beach, VA; OICC/ROICC, Norfolk, VA; ROICC (Code 495), Portsmouth, 
VA: ROICC, Code 61, Silverdale, WA; ROICC, Corpus Christi, TX; ROICC, Crane, IN; ROICC, 
Keflavik, Iceland; ROICC, Key West, FL; ROICC, Point Mugu, CA; ROICC/AROICC, Brooklyn, NY; 
ROICC/AROICC, Colts Neck, NJ; ROICC/OICC, SPA, Norfolk, VA; SW Pac, OICC, Manila, RP 

NAVFUEL DET OIC, Yokohama, Japan 

NAVHOSP CE, Newport, RI; Dir, Engrg Div, Camp Lejeune, NC; PWO, Guam, Mariana Islands; SCE 
(Knapowski), Great Lakes, IL; SCE, Camp Pendleton CA; SCE, Pensacola FL 

NAVMAG Engr Dir, PWD, Guam, Mariana Islands; SCE, Subic Bay, RP 

NAVMEDCOM SEREG, Head, Fac Mgmt Dept, Jacksonville, FL 

NATL BUREAU OF STANDARDS Bldg Mat Div (Mathey), Gaithersburg, MD 

NAVOCEANO Code 6200 (M Paige), Bay St. Louis, MS; Library, Bay St Louis, MS 

NAVOCEANSYSCEN Code 90 (Talkington), San Diego, CA; Code 944 (H.C. Wheeler), San Diego, CA; 
Code 964 (Tech Library), San Diego, CA; DET, R Yumori, Kailua, HI; DET, Tech Lib, Kailua, HI 

NAVPETOFF Code 30, Alexandria, VA 

NAVPGSCOL C. Morers, Monterey, CA; Code 68 (C.S. Wu), Monterey, CA; E. Thornton, Monterey, CA 

NAVPHIBASE Harbor Clearance Unit Two, Norfolk, VA; PWO, Norfolk, VA; SCE, San Diego, CA 

NAVRESREDCOM Commander (Code 072), San Francisco, CA 

NAVSCOLCECOFF Code C44A, Port Hueneme, CA 

-| PWO, Athens, GA 

NAVSEACENPAC Code 32, Sec Mgr, San Diego, CA 

NAVSEASYSCOM Code 035, Washington DC; Code 05M, Washington, DC; Code 06H4, Washington, DC; 
Code CEL-TD23, Washington, DC; Code PMS-396.3211 (J. Rekas) Washington, DC; Code SEAOSE1, 
Washington, DC 

NAVSECGRUACT PWO, Adak, AK 

NAVSECGRUCOM Code G43, Washington, DC 

NAVSHIPREPFAC Library, Guam; SCE, Subic Bay, RP; SCE, Yokosuka Japan 


NAVSHIPYD Carr Inlet Acoustic Range, Bremerton, WA; Code 134, Pearl Harbor, HI; Code 202.4, Long 
Beach, CA; Code 202.5 (Library), Bremerton, WA; Code 280, Mare Is., Vallejo, CA; Code 280.28 
(Goodwin), Vallejo, CA; Code 380, Portsmouth, VA; Code 410, Mare Island, Vallejo, CA; Code 440, 
Bremerton, WA; Code 440, Portsmouth, NH; Code 440, Portsmouth, VA; Code 440.4, Bremerton, WA: 
Code 457 (Maint Supv), Vallejo, CA; Code 903, Long Beach, CA; Code 420, Long Beach, CA; Dir, PWD 
(Code 420), Portsmouth, VA; Library, Portsmouth, NH; PWD (Code 450-HD), Portsmouth, VA; PWD 
(Code 457-HD) Shop 07, Portsmouth, VA; PWO, Bremerton, WA; PWO, Charleston, SC; PWO, Mare 
Island, Vallejo, CA; SCE, Pearl Harbor, HI 

NAVSTA A. Sugihara, Pearl Harbor, HI; CO, Long Beach, CA; CO, Roosevelt Roads, PR: Code 18, Midway 
Island; Dir, Engr Div, PWD (Code 18200), Mayport, FL; Dir, Engr Div, PWD, Guantanamo Bay, Cuba: 
Engrg Dir, Rota, Spain; Maint Control Div, Guantanamo Bay, Cuba; PWO, Guantanamo Bay, Cuba; PWO, 
Mayport, FL; SCE, Guam, Marianas Islands; SCE, San Diego CA; SCE, Subic Bay, RP 

NAVSUPPACT PWO, Holy Loch, UK 

NAVSUPPO Security Offr, La Maddalena, Italy 

NAVSURFWPNCEN Code E211 (C. Rouse), Dahlgren, VA; DET, PWO, White Oak, Silver Spring, MD; 
PWO, Dahlgren, VA 

NAVTRASTA SCE, San Diego, CA 

NAVWARCOL Fac Coord (Code 24), Newport, RI 

NAVWPNCEN DROICC (Code 702), China Lake, CA 

NAVWPNSTA Code 092, Colts Neck, NJ; Code 092, Concord CA; Dir, Maint Control, PWD, Concord, CA: 
Dir, Maint Control, Yorktown, VA; Engrg Div, PWD, Yorktown, VA; K.T. Clebak, Colts Neck, NJ; PWO, 
Charleston, SC; PWO, Code 09B, Colts Neck, NJ; PWO, Seal Beach, CA 

NAVWPNSTA PWO, Yorktown, VA 

NAVWPNSTA Supr Gen Engr, PWD, Seal Beach, CA 

NAVWPNSUPPCEN Code 09, Crane, IN 

NETC Code 42, Newport, RI; PWO, Newport, RI 

NCR 20, CO, Gulfport, MS 

NMCB 5, Operations Dept; 40, CO; 3, Operations Offr 

NOAA Joseph Vadus, Rockville, MD 

NORDA Code 1121SP, Bay St. Louis, MS; Code 410, Bay St. Louis, MS; Ocean Rsch Off (Code 440), Bay St. 
Louis, MS 

COMDT COGARD Code 2511 (Civil Engrg), Washington, DC 

NRL Code 5800, Washington, DC 

NSC Cheatham Annex, PWO, Williamsburg, VA; Code 54.1, Norfolk, VA; Code 700, Norfolk, VA; Fac & 
Equip Div (Code 43) Oakland, CA; SCE, Charleston, SC; SCE, Norfolk, VA 

NSD SCE, Subic Bay, RP 

NUSC DET Code 3232 (Varley) New London, CT; Code 401 (RS Munn), New London, CT; Code TAI31 (G. 
De la Cruz), New London, CT 

OCNR DET, Code 481, Bay St. Louis, MS 

CNR DET, Dir, Boston, MA 

PACMISRANFAC PWO, Kauai, HI 

PERRY OCEAN ENG R. Pellen, Riviera Beach, FL 

PHIBCB 1, CO, San Diego, CA; 1, P&E, San Diego, CA; 2, Co, Norfolk, VA 

PMTC Code 5041, Point Mugu, CA; Code 5054, Point Mugu, CA 

PWC Code 10, Great Lakes, IL; Code 10, Oakland, CA; Code 100, Guam, Mariana Islands; Code 101 
(Library), Oakland, CA; Code 110, Oakland, CA; Code 123-C, San Diego. CA; Code 400, Oakland, CA; 
Code 400, Pearl Harbor, HI; Code 400, San Diego, CA; Code 420, Great Lakes, IL; Code 420, Oakland, 
CA; Code 422, San Diego, CA; Code 423, San Diego, CA; Code 424, Norfolk, VA; Code 425 (L.N. Kaya, 
P.E.), Pearl Harbor, HI; Code 438 (Aresto), San Diego, CA; Code 500, Norfolk, VA; Code 500, Oakland, 
CA; Code 505A, Oakland, CA; Code 590, San Diego, CA; Code 700, San Diego, CA; Dir Maint Dept 
(Code 500), Great Lakes, IL; Dir, Serv Dept (Code 400), Great Lakes, IL; Dir, Util Dept (Code 600), 
Great Lakes, IL; Fac Plan Dept (Code 1011), Pearl Harbor, HI; Library (Code 134), Pearl Harbor, HI; 
Library, Guam, Mariana Islands; Library, Norfolk, VA; Library, Pensacola, FL; Library, Yokosuka JA; 
Code 30, Norfolk, VA; Tech Library, Subic Bay, RP; Util Offr, Guam, Mariana Island 

SUBASE Bangor, PWO (Code 8323), Bremerton, WA; SCE, Pearl Harbor, HI 

SUPSHIP Tech Library, Newport News, VA 

HAYNES & ASSOC H. Haynes, P.E., Oakland, CA 

UCT ONE CO, Norfolk, VA 

UCT TWO CO, Port Hueneme, CA 

U.S. MERCHANT MARINE ACADEMY Reprint Custodian, Kings Point, NY 

US DEPT OF INTERIOR Bur of Land Mgmnt (Code 583), Washington, DC 

US GEOLOGICAL SURVEY Marine Geology Offc (Piteleki), Reston, VA 

USCINC PAC, Code J44, Camp HM Smith, HI 

USDA Ext Serv (T Maher), Washington, DC; Forest Prod Lab (DeGroot), Madison, WI; Forest Serv, Reg 8, 
Atlanta, GA 


USNA Chairman, Mech Engrg Dept, Annapolis, MD; Mech Engrg Dept (Hasson), Annapolis, MD; Mgr, 
Engrg, Civil Specs Br, Annapolis, MD; PWO, Annapolis. MD 

USS USS FULTON, Code W-3, New York, NY 

ADVANCED TECHNOLOGY Ops Cen Mgr (Moss), Camarillo, CA 

CALIF DEPT OF FISH & GAME Marine Tech Info Cen, Long Beach, CA 

CALIF DEPT OF NAVIGATION & OCEAN DEV G Armstrong, Sacramento, CA 

CALIFORNIA STATE UNIVERSITY C.V. Chelapati, Long Beach, CA; CE Dept (YC Kim), Los Angeles, 
CA; Energy Tech Dept (Kohan), Menlo Park, CA 

CITY OF BERKELEY PW, Engr Div (Harrison), Berkeley, CA 

CITY OF LIVERMORE Project Engr (Dawkins), Livermore, CA 

CLARKSON COLL OF TECH CE Dept (Batson), Potsdam, NY 

COLORADO SCHOOL OF MINES Dept of Engrg (Chung), Golden, CO 

CORNELL UNIVERSITY Civil & Environ Engrg (F. Kulhway), Ithaca, NY 

DAMES & MOORE LIBRARY Los Angeles, CA 

DUKE UNIV MEDICAL CENTER CE Dept (Muga), Durham, NC 

FLORIDA ATLANTIC UNIVERSITY Ocean Engrg Dept (Hartt), Boca Raton, FL; Ocean Engrg Dept 
(McAllister), Boca Raton, FL; Ocean Engrg Dept (Su), Boca Raton, FL 

FLORIDA INSTITUTE OF TECHNOLOGY CE Dept (Kalajian), Melbourne, FL 

GEORGIA INSTITUTE OF TECHNOLOGY CE Scol (Kahn), Atlanta, GA; CE Scol (Mazanti), Atlanta, GA 

INSTITUTE OF MARINE SCIENCES Dir, Morehead City, NC; Dir, Port Aransas, TX; Library, Port Aransas, 
TX 

WOODS HOLE OCEANOGRAPHIC INST. Proj Engr, Woods Hole, MA 

LEHIGH UNIVERSITY CE Dept, Hydraulics Lab, Bethlehem, PA; Linderman Libr, Ser Cataloguer, 
Bethlehem, PA: Marine Geotech Lab (A. Richards), Bethlehem, PA 

MAINE MARITIME ACADEMY Lib, Castine, ME 

MICHIGAN TECHNOLOGICAL UNIVERSITY CE Dept (Haas), Houghton, MI 

MIT Engrg Lib, Cambridge, MA; Lib, Tech Reports, Cambridge, MA; RV Whitman, Cambridge, MA 

NATURAL ENERGY LAB Library, Honolulu, HI 

NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM 

NEW YORK-NEW JERSEY PORT AUTH R&D Engr (Yontar), Jersey City, NJ 

NY CITY COMMUNITY COLLEGE Library, Brooklyn, NY 

OREGON STATE UNIVERSITY CE Dept (Bell), Corvallis, OR; CE Dept (Grace), Corvallis, OR; 
Oceanography Scol, Corvallis, OR 

PENNSYLVANIA STATE UNIVERSITY Applied Rsch Lab, State College, PA; Rsch Lab (Snyder), State 
College, PA 

PORT SAN DIEGO Proj Engr, Port Fac, San Diego, CA 

PORTLAND STATE UNIVERSITY Engrg Dept (Migliore), Portland, OR 

PURDUE UNIVERSITY CE Scol (Altschaeffl), Lafayette, IN; CE Scol (Leonards), Lafayette, IN; Engrg Lib, 
Lafayette, IN 

SAN DIEGO STATE UNIV. CE Dept (Krishnamoorthy), San Diego, CA; CE Dept (Noorany), San Diego, CA 

SEATTLE UNIVERSITY CE Dept (Schwaegler), Seattle, WA 

SOUTHWEST RSCH INST Energetic Sys Dept (Esparza), San Antonio, TX; King, San Antonio, TX; R. 
DeHart, San Antonio TX 

STATE UNIV OF NEW YORK CE Dept (Reinhorn), Buffalo, NY 

TEXAS A&M UNIVERSITY CE Dept (Ledbetter), College Station, TX; CE Dept (Niedzwecki), College 
Station, TX; Ocean Engr Proj, College Station, TX 

UNIVERSITY OF ALASKA Doc Collect, Fairbanks, AK; Marine Sci Inst, Lib, Fairbanks, AK 

UNIVERSITY OF CALIFORNIA CE Dept (Gerwick), Berkeley, CA; CE Dept (Taylor), Davis, CA; Naval 
Arch Dept, Berkeley, CA 

UNIVERSITY OF DELAWARE CE Dept, Ocean Engrg (Dalrymple), Newark, DE; Engrg Col (Dexter), 
Lewes, DE 

UNIVERSITY OF HAWAII Library (Sci & Tech Div), Honolulu, HI 

UNIVERSITY OF ILLINOIS Arch Scol (Kim), Champaign, IL; CE Dept (Hall), Urbana, IL; Library, Urbana, 
IL: M.T. Davisson, Urbana, IL; Metz Ref Rm, Urbana, IL 

UNIVERSITY OF MASSACHUSETTS ME Dept (Heroneumus), Amherst, MA 

UNIVERSITY OF MICHIGAN CE Dept (Richart), Ann Arbor, MI 

UNIVERSITY OF NEBRASKA-LINCOLN Ross Ice Shelf Proj, Lincoln, NE 

UNIVERSITY OF NEW HAMPSHIRE P. LaVoie, Durham, NH 

UNIVERSITY OF NEW MEXICO NMERI (Falk), Albuquerque, NM 

UNIVERSITY OF NOTRE DAME CE Dept (Katona), Norte Dame, IN 

UNIVERSITY OF PENNSYLVANIA Dept of Arch (P. McCleary), Philadelphia, PA; Schl of Engrg & Applied 

Sci (Roll), Philadelphia, PA 

UNIVERSITY OF RHODE ISLAND Pell Marine Sci Lib, Narragansett, RI 

UNIVERSITY OF SO CALIFORNIA Hancock Library, Los Angeles, CA 

UNIVERSITY OF TEXAS AT AUSTIN Breen, Austin, TX; CE Dept (Thompson), Austin, TX 

UNIVERSITY OF WASHINGTON CE Dept (Mattock), Seattle, WA; CE Dept, Seattle, WA 


UNIVERSITY OF WISCONSIN Great Lakes Studies, Ctr, Milwaukee, WI 
VENTURA COUNTY Deputy PW Dir, Ventura, CA; PWA (Brownie), Ventura, CA 
WESTERN ARCHEOLOGICAL CENTER Library, Tucson AZ 

WOODS HOLE OCEANOGRAPHIC INST. Doc Lib, Woods Hole, MA 
ALFRED A YEE & ASSOC Librarian, Honolulu, HI 

AMERICAN CONCRETE INSTITUTE Library, Detroit, MI 

AMETEK OFFSHORE RSCH Santa Barbara, CA 

APPLIED SYSTEMS R. Smith, Agana, Guam 

ARCAIR CO D. Young, Lancaster, OH 

ARVID GRANT & ASSOC Olympia, WA 

ATLANTIC RICHFIELD CO RE Smith, Dallas, TX 

BATTELLE D Frink, Columbus, OH; D Hackman, Columbus, OH 
BETHLEHEM STEEL CO. Engrg Dept (Dismuke), Bethlehem, PA 

BRITISH EMBASSY Sci & Tech Dept (Wilkins), Washington, DC 

BROWN & ROOT Ward, Houston, TX 

CANADA Viateur De Champlain, D.S.A., Matane, Canada 

CHEVRON OIL FLD RSCH CO Brooks, La Habra, CA 

COASTAL SCI & ENGRG C Jones, Columbia, SC 

COLUMBIA GULF TRANSMISSION CO. Engrg Lib, Houston, TX 
CONCRETE TECH CORP A. Anderson, Tacoma, WA 

CONSTRUCTION TECH LABS AE Fiorato, Skokie, IL 

CONTINENTAL OIL CO O. Maxson, Ponca City, OK 

DILLINGHAM PRECAST F McHale, Honolulu, HI 

DRAVO CORP Wright, Pittsburg, PA 

EASTPORT INTL, INC Mgr (JH Osborn), Ventura, CA 

EVALUATION ASSOC. INC MA Fedele, King of Prussia, PA 
GEOTECHNICAL ENGINEERS INC. (R.F. Murdock) Principal, Winchester, MA 
GLIDDEN CO. Rsch Lib, Strongsville, OH 

GOULD INC. Ches Instru Div, Tech Lib, Gen Burnie, MD 

GRUMMAN AEROSPACE CORP. Tech Info Ctr, Bethpage, NY 

HALEY & ALDRICH, INC. HP Aldrich, Jr, Cambridge, MA 

JOHN J MCMULLEN ASSOC Library, New York, NY 

KATSURA CONSULTING ENGRS Y Katsura, PE, Ventura, CA 
KTA-TATOR, INC Pittsburg, PA 

LAMONT-DOHERTY GEOLOGICAL OBSERVATORY McCoy, Palisades. NY 
LIN OFFSHORE ENGRG P. Chow, San Francisco CA 

LINDA HALL LIBRARY Doc Dept, Kansas City, MO 

M.C.D. F. Marek, Orangevale, CA 

MARATHON OIL CO Houston TX 

MARINE CONCRETE STRUCTURES INC. W.A. Ingraham, Metairie, LA 
MOBIL R & D CORP Offshore Eng Library, Dallas, TX 

MOFFATT & NICHOL ENGRS R Palmer, Long Beach, CA 

MUESER RUTHLEDGE, CONSULTING ENGRS Richards, New York, NY 
EDWARD K NODA & ASSOC Honolulu, HI 

NEW ZEALAND New Zealand Concrete Research Assoc. (Librarian), Porirua 
PROF SVCS INDUSTRIES, INC Dir, Roofs (Lyons), Houston, TX 

PACIFIC MARINE TECHNOLOGY (M. Wagner) Duvall, WA 

PORTLAND CEMENT ASSOC Corley, Skokie, IL; Klieger, Skokie, IL; Rsch & Dev Lab Lib, Skokie, IL 
R J BROWN ASSOC R Perera, Houston, TX 

RAYMOND INTL, INC Soil Tech Dept (E Colle), Pennsauken, NJ 

SANDIA LABORATORIES Library, Livermore, CA; Seabed Prgms (Hickerson), Albuquerque, NM 
SAUDI ARABIA King Saud Univ, Rsch Cen, Riyadh 

SCHUPACK SUAREZ ENGRS, INC M. Schupack, Norwalk, CT 

SEATECH CORP Peroni, Miami, FL 

SHANNON & WILSON, INC Librarian, Seattle, WA 

SHELL OIL CO E&P Civil Engrg, Houston, TX 

SIMPSON, GUMPERTZ & HEGER, INC E Hill, CE, Arlington, MA 
TIDEWATER CONSTR CO J Fowler, Virginia Beach, VA 

TILGHMAN STREET GAS PLANT (Sreas), Chester, PA 

TREMCO, INC M Raymond, Cleveland, OH 

TRW SYSTEMS Dai, San Bernardino, CA; Engr Library, Cleveland, OH 
WESTINSTRU CORP Egerton, Ventura, CA 

WISS, JANNEY, ELSTNER, & ASSOC DW Pfeifer, Northbrook, IL 
WOODWARD-CLYDE CONSULTANTS R Cross, Walnut Creek, CA; R Dominguez, Houston, TX 
BARTZ, J Santa Barbara, CA 

BRADFORD ROOFING T. Ryan, Billings, MT 
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DISTRIBUTION QUESTIONNAIRE 


The Naval Civil Engineering Laboratory is revising its primary distribution lists. 


SUBJECT CATEGORIES 


1 SHORE FACILITIES 
2 Construction methods and materials (including corrosion 
control, coatings) 

Waterfront structures (maintenance/deterioration control) 

Utilities (including power conditioning) 

Explosives safety 

Construction equipment and machinery 

Fire prevention and control 

Antenna technology 

Structural analysis and design (including numerical and 

computer techniques) 

10 Protective construction (including hardened shelters, 
shock and vibration studies) 

11 Soil/rock mechanics 

13 BEQ 

14 Airfields and pavements 

15 ADVANCED BASE AND AMPHIBIOUS FACILITIES 

16 Base facilities (including shelters, power generation, water supplies) 

17 Expedient roads/airfields/bridges 

18 Amphibious operations (including breakwaters, wave forces) 

19 Over-the-Beach operations (including containerization, 
materiel transfer, lighterage and cranes) 

20 POL storage, transfer and distribution 

24 POLAR ENGINEERING 

24 Same as Advanced Base and Amphibious Facilities, 
except limited to cold-region environments 
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85 Techdata Sheets 86 Technical Reports and Technical Notes 
83 Table of Contents & Index to TDS 


28 ENERGY/POWER GENERATION 

29 Thermal conservation (thermal engineering of buildings, HVAC 
systems, energy loss measurement, power generation) 

30 Controls and electrical conservation (electrical systems, 
energy monitoring and control systems) 

31 Fuel flexibility (liquid fuels, coal utilization, energy L 
from solid waste) 

32 Alternate energy source (geothermal power, photovoltaic 
power systems, solar systems, wind systems, energy storage 
systems) ine } 

33 Site data and systems integration (energy resource data, energy 
consumption data, integrating energy systems) 

34 ENVIRONMENTAL PROTECTION 

35 Solid waste management 

36 Hazardous/toxic materials management 

37 Wastewater management and sanitary engineering 

38 Oil pollution removal and recovery 

39 Air pollution 

40 Noise abatement 

44 OCEAN ENGINEERING 

45 Seafloor soils and foundations 

46 Seafloor construction systems and operations (including 
diver and manipulator tools) 

47 Undersea structures and materials 

48 Anchors and moorings 

49 Undersea power systems, electromechanical cables, 
and connectors 

50 Pressure vessel facilities 

51 Physical environment (including site surveying) 

52 Ocean-based concrete structures 

53 Hyperbaric chambers 

54 Undersea cable dynamics 
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